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NATIONAL AERONAUTICS AND SPACE AIMINISTRATION

TECHNICAL MEMORANDUM X-5

WIND-TUNNEL INVESTIGATION OF THE STATIC STABILITY
OF A 1/56-SCALE MODEL OF THE X-1E ATRPLANE
AT MACH NUMBERS OF 2.37, 2.98, AND 4.0l

By Fred M. Smith
SUMMARY

An investigation has been conducted in the Langley high Mach number
jet at Mach numbers of 2.37, 2.98, and 4.0l to determine the static sta-
bility characteristics of a l/56-scale model of the X-1E airplane and
the effects on those characteristics of combining with the airplane
various ventral- or X-fin arrangements located at the base of the air-
plane, or forebody strakes that extended from the nose to the wing
leading edge.

Results indicate that the basic airplane becomes statically unstable
directionally near Mach number 3 and longitudinally near Mach number b,
Results also indicate that the base-located fins provide stabilizing
increments in directional stability roughly proportional to the lateral
projection of the total fin area with accompanying increases in longi-
tudinal stability.

The forebody strakes had no significant effect on directional sta-
bility, and theilr use resulted in reduced margin of static longitudinal
stability at all Mach numbers and in longitudinal instability at the
highest Mach number.

A limited comparison between wind-tunnel data and full-scale flight-
test data revealed that the directional stability parameter CnB of the

present wind-tunnel tests is reasonsbly indicative of flight data if
flexibility effects of the full-scale vertical tail are considered.




no

INTRODUCTION

The growing need for flight data at higher and higher supersonic
Mach numbers has led to a reexamination of the characteristics of existing
experimental aircraft. The examination reveals that in order to boost the
Mach number potentiality of these aircraft (assuming the power requirements
can be met) it is necessary to maintain longitudinal and directional sta-
bility. Tests have shown that the level of static stability of supersonic
aircraft decreases with increasing Mach number and ultimately results in
instability. Directional stability is especially sensitive to increasing
Mach number and high angles of attack. (See refs. 1 to 3.) In order to
extend the Mach number range of supersonic airplanes, it becomes necessary
to overcome the loss of stability as the Mach number increases.

A wind-tunnel program was conducted in the Langley high Mach number
jet on a 1/56-scale model of the X-1E research airplane to investigate
the static stability characteristics of a supersonic airplane, and to
determine methods of improving the stability. The airplane was tested
without fins, with one, two, three, or four fins located at the base of
the airplane, or with a pair of strakes located on the forebody. The
tests were conducted at Mach numbers of 2.37, 2.98, and 4.01 and Reynolds
numbers of 1.25 X 106 to 2,08 X 10°, based on the wing mean aerodynamic
chord, for angles of attack of -9° to 15° and angles of sideslip of -1°
to 59°.

SYMBOLS

The forces and moments are referred to the body axes (fig. 1), and
the reference center of moments is located at the 20-percent mean-
aerodynamic-chord station.

b wing span

cy tail chord

Cy wing chord

c wing mean aerodynamic chord

o8 rolling-moment coefficient, My /qu

Cn pitching-moment coefficient, MY/qSE
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normal-force coefficient, 1Fz/qS
yawing-moment coefficient, MZ/qu
side-force coefficilent, FquS

effective-dihedral parameter, BCI/GB (average slope of
experimental data, B = 0° to 5°)

longitudinal -stability parameter

directional-stability parameter, BCn/BB (average slope of
experimental data, B = 0° to 5°)

force along Y-axis
force along Z-axis
free-stream Mach number
moment ebout X-axis
moment about Y-axis
moment about Z-axis
stagnation pressure
free-stream dynamic pressure
Reynolds number

total wing area

angle of attack

angle of sideslip

incremental CnB contributed by fins



APPARATUS AND TESTS

Model

The airplane of this investigation was a l/56-scale model of the
X-1E research airplane (fig. 2) modified to the extent that the base was
circular (as in ref. 1) instead of cloverleaf shaped. The basic model
was tested alone, in combination with either of two sets of one, two,
three, or four fins which extended between the 82-percent and 100-percent
body stations (figs. 2 and 3(a)), or in combination with one or two fore-
body strakes (extremely low-aspect-ratio horizontal fins) which extended
from the nose of the body to the wing leading edge (fig. 3(b)). The two
sets of fins are designated fixed and jettisonable.

Fixed fins.- The fixed or permanent-type fins were tested 1in groups
of one, two, or three ventral or four in an X-arrangement. They were
designed to give ground clearance when the airplane landed. The same
general type of fins was successfully used in reference 4 at a Mach num-
ber of 2.01. The major difference between the fins of reference 4 and
the fixed fins of the present tests is that those of the present tests

contributed a laterally projected area equal to 20 percent of the fuse-
lage afterbody corresponding to the fin chord while those of the ref-
erence contributed no additional area.

Jettisonable fins.- The jettisonable or temporary-type fins were
also tested in groups of one, two, or three ventral or four in an
X-arrangement. They were designed to give ground clearance only when
the X-1E was attached to the mother-ship for take-off, and would neces-
sarily be Jettisoned in order to land the airplane. They contributed a
laterally projected area equivalent to 54 percent of the corresponding
fuselage afterbody. With one exception, the only difference in arrange-
ment and geometry between the two sets of fins was the fin span. The
one exception was a single Jjettisonable fin which had a 15° wedge sec-
tion rather than the flat-plate secticn of the other fins. The wedge
section was used to increase the 1ift effectiveness of the fin, as was
discussed in reference 5.

Strakes.- The third type of directicnal-stability-improvement device
of this investigation used with good results at lower supersonic (ref. 6)
and at subsonic (refs. 7 and 8) Mach numbers was the forebody fins or
strakes. The strakes were mounted on the fuselage center line normal to
the plane of symmetry, and they had an exposed span approximately equal
to 10 percent of the maximum fuselage diameter and a thickness equal to
one and one-half percent of the fuselage diameter.

Roughness.- The basic airplane and the airplane in combination with
one jettisonable ventral fin were tested with and without strips of No. 60
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carborundum grains to determine the effects of fixed boundary-layer transi-

tion. The strips consisted of a 1/8-inch band around the nose and
1/16-inch strips 1/8-inch behind the leading edges of the wing and the
horizontal and vertical tails. All other configurations were tested
without roughness. A photograph of the basic model is shown in figure b,

Tunnel and Tests
The tests were conducted in the Langley high Mach number jet at

Mach numbers of 2.37, 2.98, and 4,01. Other test conditions are given
in the following table:

M Pty 1lb/sq in. abs R (vased on ¢c)
2.37 50 1.25 x 100
2.98 75 1.38
L4.01 180 2.08

The stagnation temperature varied from approximately 75° F to
approximately 30° F during each test. The Reynolds numbers are com-
puted for an average temperature of 50° F.

An internal five-component strain-gage balance was used to measure
normal force, pitching moment, rolling moment, yawing moment, and side
force for all configurations for an angle-of-attack range of -90 to 15°
combined with an angle-of-sideslip range of -1° to 5°. All angles were
set directly by the use of a lens-prism embedded in the model wall. The
tests were made with air having less than 5 X 10~°© pounds of water per
pound of dry air. The static temperature and pressure in the test sec-
tion did not reach values for which liquefaction of the air would occur.

PRECISION OF DATA

The maximum probable uncertainties involved in measuring the angles,
forces, and moments and in determining the aerodynamic coefficients have
been estimated and are given in the following table:

e 1= g T S 0P |
B, 8Z « « & ¢ s 4 v+ 4+ 4 e e s e s e e e e s e e s e s oe . » FOT
CN . . . . . . . s 8 e . . . . s e » - . . . " e e LI T ] . . s s io . OOL"
O T T +0.006

G v ¢+ o v vt b e et e e e e e e e e e e e e e e ... 0,001
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RESULTS AND DISCUSSION

The basic data are presented in figures 5 to 15 for representative
angles of attack and sideslip, and a complete listing of the data appears
in tables I to III.

An index to the experimental-data figures is given in the following
table:

Figure

v e e D

_Basic airplane characteristics + . « ¢« « o ¢ ¢ v o 0 0 0 o

_ Directional stability of basic airplane . . . o+ ¢ ¢ ¢ s s v e e e . 6

Aerodynamic characteristics of fixed-fin configurations . . . . 7 t0o 9
Aerodynamic characteristics of Jettisonable-fin
configurations . &« « « « o+ 0 6 e e s e e e e e e e e e e 10 to 12
Aerodynamic characteristics of strake configurations . . . . . 15 to 15
Directional stability characteristics with and without
directional-stability-improvement devices .« « « o« ¢ ¢ & « & 16 to 18
Longitudinal stability characteristics with and without

directional-stability-improvement devices .+ « « o ¢ ¢ o o 0 . 19
Effective dihedral gharacteristics with and without
directional-stability-improvement devices « . + & « o ¢ o o o+ 20

Basic Ailrplane

General results.- Three points should be mentioned concerning fig-
ure 5 which shows the aerodynamic characteristics for the airplane with-
out directional-stability-improvement devices ("fixes").

The first point to be noted is the effects of the roughness strips
(also shown in figs. 10(a), 11(a), and 12(a)) which were added to fix
boundary-layer transition. ‘The overall effects of the roughness appear
to be quite small, usually within the accuracy of the data. The yawing-
moment results indicate the greatest roughness effects, but two factors
in addition to roughness contribute to this apparent effect: First,
the yawing-moment beams of the balance were loaded in these tests to
only a small percentage of their design load, contributing to the
inaccuracy of the yawing-moment data as indicated in the section entitled
"precision of Data." Second, the yawing-moment beams were affected to
some extent by temperature changes, which resulted in yawing-moment zero
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shifts. These two factors explain why the yawing-moment curves do not

go through the origin and also why the repeatability of the yawing-moment
level is poor. The slopes of the curves appear to be repeatable and are
considered more accurate than the individual data points.

The second point to be noted from figure 5 is the decreasing yawing
moment with increasing Mach number and angle of attack, which is mainly
the result of the reduced lift-curve slope of the vertical tail with
increased Mach number and the increased interference effects of the wing
and fuselage flow fields on the vertical tail with increased angle of
attack. This condition may result in directional instability (negative
CnB)’ and therein lies the purpose of investigating various directional-

stability-improvement devices.

The third point to be noted from figure 5 is the flattening out of
the pitching-moment curves in the vicinity of the origin for M = 2.98
and 4.01 when plotted against a. This effect is magnified with
increasing Mach number and is an indication of neutral longitudinal sta-
bility. Since the total normal force remains unaffected, it appears that
a slight reduction in the normal force contributed by the tail due to the
interference effects of the wing and fuselage flow fields combined with
the long tail moment arm is sufficient to produce a noticeable effect on
the pitching moment.

Flight and wind-tunnel directional stability.- Figure 6 presents
data showing the decreasing directional stability of the basic (no fixes)
X-1E airplane with increasing Mach number which were taken from the
results of flight and wind-tunnel tests. The flight results consist of
unpublished preliminary test data from the High-Speed Flight Station
taken at random angles of attack from 2.8° to 8.36° and random Reynolds
numbers of L.45 X 106 to 9.30 X lO6 for supersonic Mach numbers from 1.25
to 2.1%. The wind-tunnel results consist of test data from reference 1
obtained in the Langley 9-inch supersonic tumnel for Reynolds nunmbers
of 0.36 X 106 to 0.57 x 106 and Mach numbers of 1.62 to 2.62 and from
the tests of the present investigation obtained in the Langley high Mach
number jet for Reynolds numbers of 1.2> X 106 to 2.08 X 10% and Mach
numbers of 2.37 to 4.01. The wind-tunnel data from both sources are
presented for angles of attack of 3° and 6°.

It may be seen from figure 6 that if the flight-test data were
extrapolated to the Mach numbers of the present wind-tunnel tests, the
present test data would be somewhat higher than the extrapolated flight
data. A similar comparison of wind-tunnel and flight data was made in
reference 9 for another airplsne at M = 1.4 in which the comparison
showed the same trend as the present data; that is, the wind-tunnel
results were higher than flight results. In reference 9, much of this
difference was accounted for by correcting for the vertical-tall



flexibility effects and the air-intake effects of the full-scale airplane.
Even though the appropriate information is not available to correct the
present wind-tunnel data, it might reasonably be assumed that such a cor-
rection would have the effect of reducing the level of the wind-tunnel
data, thereby causing the data of the present tests to more closely
approximate the data and the hypothetical extrapolation of the data of
the full-scale flight tests at the present Mach numbers.

The reasons for the discrepancy between that portion of the wind-
tunnel data of the present tests which overlaps that of reference 1 is
unknown. The only basic difference between the two tests besides having
been made in different wind tunnels was that an internal strain-gage
balance was used to measure the forces and moments of the present tests
and an external mechanical balance was used to measure the forces for
the tests of reference 1.

Airplane With Stability-Improvement Devices

General results.- The results of the tests in which the various
stability-improvement devices were employed are shown in figures 7 to 15
for the three Mach numbers. Comparison of the curves of these figures
with those of figure 5 reveals that, in general, the fin arrangements
result in increases in normal force, pitching moment, side force, and
yawing moment, with a reductlon only in rolling moment. A comparison of
the streke data in the same manner shows that, in general, the strakes
produce an increase in the normal force, decreases in pitching and rolling
moments, and essentially no effect on yawing moment or side force. The
remaining discussion will be limited in scope to comments concerning the
slopes of the experimental data curves rather than the data points.

Directional stability characteristics.- Figures 16 and 17 show a
comparison of the variation of CnB with angle of attack and Mach num-

ber, respectively, for the airplane with and without the various
directional-stability-improvement devices. The fixed fins provide a
maximum increment in CnB of approximately 0.001, and with several

exceptions for the single ventral fin provide positive, though limited,
directional stability throughout the tests. The jettisonable fins, on
the other hand, provide Incremental CnB ranging up to 0.0027, with a

resultant CnB generally greater than 0.00l. Figure 16 shows that the
fin-produced CnB for the configurations and Mach numbers of the pres-

ent investigation is relatively unaffected by changes in angle of attack.
The data of reference 4, however, indicate a large increase in CnB for

a 45° swept-wing supersonic airplane having four very low-aspect-ratio
fins of X-arrangement by changing the angle of attack from 0% to 15°.
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This difference in the effects of angle of attack on CnB for the two

tests is probably a result of the difference in fin span; the fins of
reference 4, being very short, are subject to shielding by the fuselage
at low angles while those of the present test were much longer in span
and, consequently, were exposed to the stream flow at all angles.

All configurations with directional-stebility-improvement devices
in figure 17 show increased effectiveness in CnB with increasing Mach

number at a = 12°. Somewhat the same trend is shown for all finned
configurations in figure 16 at angles of attack greater than 8°.

The higher Mach numbers and angles of attack lead to greater efficiency
of the fins probably because of higher q fields at the base of the
alrplane.

Figure 18 presents ACnB, which 1s the incremental directional-

stability parameter attributable to the fins, plotted against the sum of
the lateral proJjection of the individual fin areas. An interesting point
may be observed in figure 18; that is, the establishment of the trend

that ACnB is roughly proportional to fin area. Two interesting depar-

tures from this trend may be observed: The first is that the jettisonable
fins (filled symbols in fig. 18) provide from two to four times the Aan

produced by the fixed fins with only two to two and one-half times the
area. (See, for example, the two four-finned configurations in

fig. 18(a).) This result is due to unequal percentages of fin area being
buried in the fuselage wake and boundary layer for the two fin types.

The second departure shows the three-finned configurations usually to be
less effective in producing CnB than those with two fins and are the

only multifinned configurations not producing ACnB roughly proportional

to the number of fins. This condition 1s apparently a result of the fins
being too closely spaced and thereby inducing fin-to-fin interactions.

The upper and lower fins are shown in reference 4 to provide approxi-
mately equal contributions to the total incremental CnB’ while 1in the

present test the upper fins produced only asbout one-third of ACnB. The

tail arrangements for the configurations of the two tests are quite 4if-
ferent, making the fin-tail interactions quite different, and therefore
the data are not directly comparable.

The 15° wedged jettisonable fin produced a somewhat higher stabilizing
influence than did the flat-plate fin as would be expected from refer-
ence 5 (see figs. 16 and 17), but the increased drag anticipated from
a fin with such a section would make its use unfeasible.
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It has already been mentioned that the strakes were used with good
results to increase the directional stability of aircraft configurations
at a lower supersonic Mach number (ref. 6) and at subsonic Mach numbers
(refs. 7 and 8). Strake performance, however, is so dependent upon Mach
number and various geometric parameters, such as fuselage forebody length
and fineness ratio, type of strake fairing at nose of fuselage, vertical
location of strakes, span of strakes, angle of attack, and arrangement
of the vertical tail, that comparisons between data of different tests
are quite difficult. For this reason, discussion of the strakes will be
limited to the data of the present tests. As shown in figures 16 and 17,
the strakes appear to have negligible effect on CnB at M = 2.37

and 2.98, but in figures 16(c) and 17(c) at M = 4.01 and o« = 0° it
may be seen that the strakes produce a small increase in CnB (ranging

to 0.0006). It is possible that angles of attack greater than those of
the present test and changes in geometry from those of the present test
might increase the yield in CnB with the use of strakes at these and

higher Mach numbers, but such speculation is beyond the scope of this
discussion.

longitudinal stability effects.- A comparison is presented in fig-
ure 19 of the margin of static longltudinal stability for the airplane
with and without the various stebility-improvement devices. It may be
seen for all Mach numbers in figure 19 that the fins generally provide
an increase in the static margin, which is a real advantage at Mach num-
ber 4.0l for which the airplane has neutral longitudinal stebility with-
out the fins. The maximum increase in the static margin of 30 percent
wing ¢ was provided by the jettisonable, X-fin arrangement.

The use of the strakes, as might be expected from geometric con-
siderations, reduces the static margin for all Mach numbers and results
in longitudinal instability at M = L.Ol.

Effect on dihedral parameter.- Figure 20 presents the effective
dihedral parameter CZB for the airplane with and without the various

directional -stability-improvement devices. For the most part, the fins
reduce the negative ClB, which indicates a reduction in the effective

dihedral, with a very large reduction at M = 4,01. At no time does the
reduction result in an adverse (positive) rolling-moment parameter.

For the three Mach numbers of this investigation the strakes show
a reversing trend; that is, the use of strakes results generally in an
increase in negative CZB at M = 2.37, a slight decrease at M = 2.98,

and a very large decrease in negative CzB at M = 4,01 resulting in
positive CZB or adverse rolling moment for one port strake.

(ool e ol ol o
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CONCLUSIONS

A wind-tunnel investigation of a l/56-scale model of the X-1E research
airplane in the Langley high Mach number jet at Mach numbers of 2.37, 2.98,
and 4.01 with and without various directional-stability-improvement devices
to investigate and improve the stability characteristics has resulted in
the following conclusions: '

1. The basic airplane becomes statically unstable directionally nesar
Mach number 3 and longitudinally near Mach number L.

2. The fixed, shorter span fins produced, with several exceptions
for the single ventral fin, small increases in the directional stability
parameter CnB (generally less than 0.001) for all Mach numbers and

angles of attack.

5. The jettisonable, longer span fins produced increments in CnB

from two to four times those for the fixed fins with only two to two and
one-half times the area, despite the fact that the incremental CnB is

roughly proportional to the fin area.

4. The three-finned configurations are the only multifinned arrange-
ments not producing CnB proportional to the number of fins, probably

the result of close fin spacing and subsequent fin-to-fin interactions.

5. The four-jettisonable-fin configuration produced an increase in
the margin of longitudinal stability BCm/BCN equal to 30 percent of

the wing mean aerodynamic chord; the other fin arrangements produced
somewhat smaller stabilizing effects.

6. All fin arrangements reduced the effective dihedral parameter
but never resulted in adverse rolling moment.

T. The strakes produced a destabilizing pitching moment at all Mach
numbers that resulted in longitudinal instability at M = 4.01 without
providing any significant improvement to the directional stability at
any Mach number,

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., March 3, 1959.
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TABLE I -EXPERIMENTAL RESULTS FOR CONFIGURATIONS HAVING
FIXED FINS
M lB. a, l cn | € 6 | e | € M 1Al a] eyl c c c
deg | deg N m 1 Y n deg | deg N m 1 Cy n
{a} No fixes () One fixed ventral fin
2037 -1 -9 ~s3543 »1287 «0024 0180 2437 -1 -9 21214 0015 +0138 [=e0010
2,37 -1 -6 ~e2252 0022 20130 2437 =1 -6 0904 «0014 20128 |=#0010
2437 -1 -3 -+1018 +0025 «0124 {-20001 2437 -1 -3 «0803 «0017 40121 |~.0003
2437 -1 o +0300 +0021 20133 +9003 237 -1 o #0203 0012 #0119 0001
2437 -1 3 «1579 20021 20123 20006 2437 -1 3 =+0140 20018 »0115 +0002
2437 -1 L) 2910 #0022 #0112 20008 2437 -1 L] -+0500 +0021 0109 20004
2437 -1 9 44265 20028 +0104 »0009 2437 -1 9 -s0857 0023 0102 « 0005
2437 -1 12 #5723 j=41203 »0028 20096 20013 2437 -1 12 ~+1199 20023 0094 <0009
2437 0 -9 ~3500 «1303 [=40003 }=.0014 +0029 2,37 [} -9 =+3373 01238 [=<0003 1-40014 0023
2437 ¢ -6 ~42235 «1004 |=4000B }=40011 00029 237 ] -6 =22141 0932 [~40003 |-2+0012 0023
237 [} -1 ~41005 «0674 [=e0005 [=40009 20028 2437 ] -3 —e0924 «0833 j=40008 |=»0011 20020
2437 [ o 0307 +025% |=40001 |-40002 20029 2437 ] ] 0312 0238 |=40005 | ~+000% «0020
2437 0 3 1616 [-40111 [=40001 [=-,0001 20025 2437 o 3 1568 [~40117 {-40004 |=+0008 «0017
2437 0 & 2930 +0004 |-e0018 20026 2437 0 & «2810 | -.0478 #0000 |~+0031 «0019
2437 ° 9 «4301 20002 |~»0031 20024 2437 0 9 eh124 [=,0836 20002 | =20043 8020
2437 o 12 #5730 »0003 |=40032 20020 2.37 0 iz «5848 1=51199 [~a0001 |=e¢00A3 20017
2237 1 -9 -+3503 #1303 {-,0018 +005% 2437 1 -9 -«3350 41235 | -40021 [~e0182 20047
2437 1 -6 -2215 1005 20050 2437 1 -5 ~42122 40920 | ~40025 |~e0165 20039
2437 1 -3 =40982 « 0635 40043 2437 1 -3 —20943 #0624 {=00025 |-s0182 20033
2437 1 [+ +0334 «0215 20037 2437 1 0 20357 0220 [ =+0021 [=+0139 +0032
2437 1 3 «1621 j-40159 20034 2437 1 3 +1%87 | =e01A5 “a0185 Q031
2437 1 L) 42949 | -.0526 10035 2437 1 [ 22845 | -40518 ~10182 « 0032
2437 1 9. 214336 |=40900 00034 2,37 1 b +h184 | ~00879 =s018% 00034
2037 1 12 5796 [~21281 [ ~40034 |-40181 «0031 2437 1 12 05600 [ =a1254 | =20032 [=e0207 «0030
2,37 3 -9 =23408 «1226 | =40047 [=40590 +Q107 2,37 3 -9 =+3364 01195 -e0576 +0099
2437 3 -5 -s2150 «0925% -+0323 #0086 2437 3 -6 ~»2109 «0881 ~a0530 40082
2437 3 =3 =20956 0619 —e0488 20069 2437 3 -3 ~20933 20568 -+ 0AB0 20066
2:37 2 o «0308 0215 -20422 s0057 2437 3 0 10346 016t -+0839 »+0055
2437 3 3 «15686 |~40130 =+0404 #0050 2437 3 3 21612 | =e0186 | ~40051 | ~e0434 20049
2:37 3 & «2877 | =40895 ~20421 20048 2437 3 6 42906 | =¢0555 | =40053 | —e0847 «Q0AS
2037 3 9 +4209 [-40863 ~e0d4l 20042 2437 3 9 <4263 | 60927 -a0479 0043
2437 3 12 +5595 [=41161 | ~40054 |=a0451 0639 2037 3 12 45629 | =s1221 ~40493 +0039
2437 5 ~9 |=43811 | #1282 |=20089 [=a0542 | 0192 || 2437 5 -9 |=+3360 | s1228 ~s0947 I 0183
237 5 -6 -+2183 0989 [ -400B3 | ~40B54 20160 2437 H -5 =a2141 «0926 s7¢ 20153
2237 5 -3 -+0937 «0652 | =+0081 | ~¢0765 «0127 2437 5 =3 -+0917 0803 20124
2437 L] o 0323 «0287 | =+ 0083 20102 2437 5 0 20344 0198 0103
2437 5 2 +1585 | -40107 +0086 2437 5 3 21620 | =e0168 00090
2437 5 6 «2905 [ =e 0477 #0078 2497 5 6 2924 | ~+03538 +90B0
2437 H 9 «4192 [ =40840 | -400B& 20063 2437 5 9 3216 | ~40910 «0072
2437 5 12 ¢5646 [ ~21142 | ~40091 | ~a0751 40052 2497 5 iz 5644 | =¢1208 | =90104 [ =-4080% +0057
{c} Two fixed ventral fins {d} Three fixed ventral fins
2037 -1 -9 « 1407 «OCI% «UI22 [ =003 Ze37 =1 =7 [(RE. XY «QUTY SUT3T
2437 -1 =6 #1023 «001% 40120 | -40020 2437 -1 -6 00993 «0014 #0119
2.37 =1 ~3 « 0646 0017 «011% | ~e00Q12 237 -1 -3 0815 20017 20115
2427 -1 [} 20142 +0013 +0130 | —40008 2437 -1 Q «0123 «0012 #0125
2437 -1 3 =e0343 +0008 #0112 | ~s0008 2437 -1 3 e1816 | -e0362 20012 20116
2427 ~1 3 -s0B72 20013 #0110 | —40010 2437 -1 ] 02943 | -00857 0017 20109
2437 -1 9 ~o 1047 0019 #0111 | ~e0009 2437 -1 9 «4350 [ -41425 20018 0110
237 Q9 -9 -+3400 21419 | =40003 { ~40046 20028 2437 o -9 #1369 | =e0003 | ~+0055 20027
2237 o ~6 »,2233 #1038 [ =40004 | -40038 20027 2437 ] -6 41001 | =20008 [ «20048 20024
2437 o -3 999 0658 | =+0005 | -40038 20024 2437 ° =1 +0628 | =+0009 | ~+0038 0023
2437 ] o «0315 «40010 | =40015 20021 2437 0 o 40131 | =+0009 | =+0015 20023
2037 [} 3 <1610 =40002 | =40035 #0015 2437 [} 3 1632 | =20389 [ =.0005 | =e0024 0015
2437 o 3 2931 ~20002 { =20038 0016 2437 Q & =,0001 | =20034 «0014
2437 (] 9 24378 ~s0007 | =4 0050 20011 2,37 <] 9 24396 | ~01427 | =40003 | =+ 0044 «0012
2437 1 -9 =a3475 «1418 | 60015 | 40250 +0070 2,37 1 -9 23457 ¢1365 ~s0250 + 0066
2437 1 =6 ~e2219 1031 | =a0023 | ~40227 0060 2437 1 -6 =+2186 «1002 -s0221 20058
2437 ] -3 -+0981 20050 2437 1 -3 =¢0981 00822 =20190 0049
2437 1 0 0362 1 0C&s 2437 1 o «0362 «0112 ~s0lbl 0040
2437 1 3 «1636 «0038 2437 1 3 +1656 | =40361 =e0177 0038
237 1 6 #2975 ¢0035 2437 1 6 +2998 | =40880 =s0185 «0035
2437 1 9 2409 | —s 1449 | ~¢0022 | =40196 40032 2437 1 9 «h408 | —e14462 =e0191 +0032
237 3 -9 ~e¢345) «13592 | =4 0089 | —40862 0138 2437 3 -9 =¢3511 «1362 ~»0668 20139
2437 3 -6 ~e2240 21032 | ~,0044 | -20608 #0115 2437 3 -6 =e2223 +1002 ~s0593 20113
2437 3 -3 -+1007 +06Ab | 40047 | =40532 20090 2437 3 -3 -e1007 «0628 -20533 20088
2437 3 o #0310 20133 | . 0042 | =+0480 20070 2437 3 4] <0329 +0120 20475 «0073
237 3 3 +1619 | =40361 | -40038 | ~40472 20063 2437 3 3 «1619 | ~40361 ~10482 «0061
237 3 [ «2994 | ~+0886 ~a0487 0056 2437 3 &4 +2969 | =00884 =10487 «0059
2437 3 9 24431 | —41486 ~eD498 0051 237 3 9 +4393 | 41842 | ~20058 | ~s 0494 «0031
2:37 5 -9 -43528 s 1484 -+1049 20228 2437 5 -9 =3497 o 1424 [ =40083 e0222
2427 5 -& -+2266 <1104 ~s0956 20195 2437 s -6 -+2233 41075 | =40077 +0189
237 5 -3 -+1009 «0704 =+ 0866 20156 237 5 =3 =41009 +0680 | ~+0080 20152
2437 5 [} 40327 +0191 -+080% 20127 2N 5 ] «+0308 «0184 | ~20074 124
2437 L] 3 »1625 | =+0313 -s0781 #0110 237 5 3 «1822 | =+0319 | =20086 «0110
2437 5 & 23005 | -4 0843 -40810 0101 2437 5 6 +3005 | ~0837 20083 +Q098
237 H] 9 | 4374 | =+1401 | ~40085 | ~e0821 «0086 237 1] 9 «4403 | =o1391 | =40089 +0088
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TABLE I ~-EXPERIMENTAL RESULTS FOR CONFIGURATIONS HAVING
FIXED FINS - Continued
M [Blalcy|c {c m|[B]a
deq | deg N m G Y Cn deg | deg Cn Cm G Cy Cn
{e} Four fixed fins In X arrangement () No fixes

2437 |-1 =9 |-43635 | 41688 | 40016 | <0133 2,98 }e1 =9  {~a2677 | «0685 | 4001B | 40136 [=40020
2237 -1 -6 [~ 92306 «1181 +0014 +0131 2498 =1 =& =e1652 +0463 «0022 ¢0121 [=+0011
237 -1 -3 —»1031 «0870 #0020 +0128 2+98 -1 =3 -+ 0741 20350 <0016 +0118 |=-4000¢
2237 -1 0 «0308 «0135 «0012 40134 2498 -1 ) +D194 0256 «Q01% 0113 «0002
7e37 -1 k] 21597 |-40319 | +0020 | 40115 2,98 |-t 3 21173 | 40038 | 40023 | 40122 | 40005
2237 -1 13 2928 |-40779 10021 «0119 2498 -1 13 #2248 [=40271 «0019 «0ll8 40006
2+37 -1 9 04339 |=41336 «0022 +0114 2.98 -1 9 3322 {=s0540 20015 +0112 20009
2498 -1 12 2461 [= 084S + 0009 s0112 +0010
2458 -1 1% #5775 [~41195 0015 0118 +0003
2637 [} -9 ~43572 01712 [-e0001 [-40043 +0024 2498 o -9 —e2651 0703 «Q004 [-40008 +0018
2437 4] -5 -s2318 01223 #0000 [~,0030 20023 2498 [} -6 ~e1640 +000B |-40007 «0014
2437 0 =3 [-40999 | 40702 [-4000B [~«002B | 40021 § 2498 [} -3 i-.0721 «0002 | 40000 | 0013
2437 o 0 #0352 = 0001 [« 0014 0019 2298 [+] 0 «0198 + 30086 40005 20012
2437 0 3 21618 =+0001 =40025 «001& 2.98 0 3 +11081 «J010 20010 «0011
227 a 6 2922 3003 1-40032 «001e 2.98 [ & 22237 +0005 «0005 «Q010
2437 0 9 +4346 -01318 «0002 [=4D039 «0013 2498 ¢ 3 «3301 « 0002 » 0000 +0008
2498 ] 12 4439 +3000 |=+0000 20009
2498 Q 1% +3TBL {=2119% 5002 20005 40001
2437 1 -9 —e3572 « 1704 -2 0241 40062 2498 1 -9 =22647 «06%9 1«e0015 [=e0176 #0037
2437 ) -6 142294 | 41199 -40228 | 40058 [l 2498 1 =6 [=+1637 | <0479 [-40015 [-40156 | 40033
2637 1 -3 —¢1001 +0685 “lee Q194 20047 2498 1 =3 ~e069B 20368 [=20011 [=401&a «0027
2437 1 [} «0379 0130 =e014% 20042 2498 1 1) 0214 +0269 1-40016 [~ 0118 0022
2437 1 3 01635 {-,0317 -0 0167 #0038 2498 1 k) «1201 -+0017 {-a01C7 0018
2437 3 ] 22979 |-,0792 =20188 »003% 2498 1 & «2268 =+0016 |=40112 «0013
2,37 1 9 24390 (=4 1367 ~e0182 +0030 298 1 9 «3333 =+0020 |=40107 «0013
2498 1 12 +ha9T =s0022 [=s0117 20012
2498 1 15 «5818 ~+0021 [-4D124 + 0007
2437 3 -9 - ¢3599 41598 {=40053 [=40677 20141 2498 3 -3 ~e2649 ~oO04L (=053 Q084
2,37 3 -6 [-+2285 | 41112 }~.0048 |[-,0810 | +0120 [l 2498 3 -6 1=¢1659 ~20032 [=s0486 | 10063
2:37 3 -3 -+1007 40621 [=.0048 {=:s0538 20096 2298 3 =3 -+0709 =+0035 [=20436 +0053
2437 3 0 #9359 +0077 [-+0046 [-40488 s+ 0075 2493 3 [ 00221 ~20035 ]-20388 20037
2937 3 3 21642 [-a0393 [-40046 [-e0477 20062 2.98 3 3 01217 =¢0038 =40355 20027
2237 3 6 22971 -4 0049 [-,0491 +0055 2498 3 ] 2269 =e0034 j=sG343 20018
2437 3 9 #4393 [-41435 [-4005B [-+D501 + 0050 2.98 3 9 03364 ~4G032 [=40352 20011
2478 3 12 WA52% + 00308 [=40359 0005
2498 3 15 23882 [=¢1216 [-40036 [-40384 +0002
2437 5 -9 =»3594 «1617 [-40087 |-41052 0233 2498 5 -9 ~22653 w0733 [=e0067 |=e0B86I 20151
2037 L] ~h = 42290 ¢1150 ~+ 0970 20202 "98 5 -8 ~2lbh4 0536 |-40085 |=e0Q794 20120
2037 El -3 ~ 1005 00653 ~+0879 40162 2498 5 -3 ~»072% «0410 [~e8061 |-40720 « Q087
237 5 L] #0330 20141 |[-40079 [-40810 10134 2498 5 [} «0233 0285 [-40063 [-a0b60 +0072
2437 5 3 21646 |~40344 |-,0077 [|-e0781 «0109 2298 5 3 #122% 20049 {=40087 |-40615 +0051
2,37 5 [ 23012 |-e0832 [=40080 [-40B816 +0100 2498 5 6 #2274 [=a0239 [-40061 |=e0613 40035
2437 k] 9 #4384 j=91354 [-40089 [~,0835 +0CEY 2,98 5 9 3347 1=40511 [-40060 [=e40624 +0023
2498 5 12 24509 1=20795 [-eQ056 |-e0&4&l 20014
2498 5 15 ¢5961 [=41207 [~40066 |=406TB +001%

(g) One fixed ventral fin (h) . Two fixed ventral fins.

2,58 |1 =G . I5BA | JOGBT [ 30020 [ WUIST [=a00IZ [ 2398 [T =9 T e¢TIZ ] +UB00 T +00TT

2.98 -1 -6 -+15%0 +0486 »0019 20141 2458 =1 -6 63 20552 20014

2492 -1 -3 -e 0647 +038% 20018 +0122 2498 -1 -3 +0377 «0017

2498 =1 o +02586 20292 20021 20114 » 0001 2298 -1 o +0210 20011
2498 =1 3 1260 #0025 #0112 «0002 2¢98 =1 3 21227 1=40094 0019 Q129 10000
2498 =1 & +2282 20024 20094 20005 2498 -1 & 0018 «0117 0003
2.98 =1 9 +1392 +0021 #0084 »0009 2498 = s +0019 #0111 20004
2+98 ~1 12 +45B6 20020 »0059 20010 2498 -1 12 +0017 +0109 19006
2498 -1 15 [E-2:1:33 0020 20088 » 0008 Z2s58 -1 15 20014 20108 0000
2298 0 -9 ~s2570 20729 + 0008 »000% 20021 2498 0 -7 -20004 |-40000 20014
298 0 -6 -y 1592 #0512 +«0005% 20007 »0020 2098 d -6 =~+0001 [-20002 +0013
2498 0 -3 -405655 +0811 +0008 »0002 20017 2498 ] =3 =+ 0008 0001 +D018
2498 0 n «0251 20011 #0002 #0018 2+98 o 14 -+0002 20007 «0014
2,98 0 3 #1252 2001% [~40003 20014 2498 ] 3 0005 +0018 0013
2.98 0 & 22308 20015 [~,0024 +0013 2498 2 3 +0004 |-20016 +0013
2098 0 9 +3378 +001S {-,0047 3016 2498 o 9 +0005 (=40023 20012
298 o 12 4522 »0013 [=,0051 » 2498 o 12 20007 [-40025 «0012
2498 0 15 «5902 «00L1 }=e0071 +0009% 2498 ] 15 45067 |=41799 +0005 ]-20022 +0008
2498 1 -9 -e2538 20720 [-,0008 }=20152 +0038 2498 1 -9 «0813 |=.0011 +0067
2498 1 -6 558 +0511 i=,0009 #0033 2498 1 - «0547 |=40015 49038
2498 1 -3 -+ 0009 #0030 2.98 1 -3 #0374 |=40012 «0029
2258 1 [ ~e0010 00025 2450 1 ] #0195 [=e8013 +0024
2498 1 3 -+ 0007 + 0022 2498 1 3 21249 [=40111 [=¢0013 40016
2,98 1 & ~+0003 40023 2498 1 & #2372 [=40559 [=40014 «001&6
2298 i 9 s34h8 [-40522 |~-.0006 20025 2498 1 9 23512 j=,0951 [-.0013 0011
2498 1 12 24617 |=4083& [+.0012 40028 2458 1 iz 24692 1=41356 [=.0015 0013
2498 1 15 «5929 [-e1195 |-s0012 10026 || 2,98 1 15 6092 [=41B77 [~40014 +0009
2458 3 -9 ~e261T «04T1 [-+004B +COTB 2.98 3 -8 20813 [-.0038 0107
2e%8 3 =6 |-¢1606 | 10467 |=;0043 $0061 § 2,98 3 & #0563 [=40029 +0093
298 3 -3 “s 0682 +0363 [~a003% +0053 2,98 3 -3 «0407 (=40029 0073
2458 3 o 20253 20253 |-,003% +0040 2,98 3 4] 0223 +0216 [~s0028 20058
2498 3 E] +1265 »0023 [=,0038 0030 2298 3 3 «12%6 [~40092 }-.0028 «0047
2498 3 ] 22327 [-202B6 [-e003e 10024 2498 3 & «23TB |=+0514 [~40024 + 0040
2498 3 9 93418 [=40607 |-.00332 «0023 2498 3 A #3530 |-.0914 j-0022 20032
2498 3 12 24632 {~s0B885 [-40033 0019 2498 3 12 +HTAT [=a1353 [=.06024 [-a0423 +0029
2498 3 15 25925 {=21242 {-:0023 #0017 2498 3 i5 «BYITS |~e1BTT [=a0D27 [-s0452 #0025
2498 s -9 1-,2613 | 40716 [-.0074& +0139 |l 2,98 5 -9 40876 (40061 [~40904 | 40180
2498 5 -6 -»1626 20528 [-,0069 20114 2498 5 -6 20630 j=e0064 |~a0B8T +Ql54
2498 5 -3 -+0679 »0408 1-,0068 20092 2498 5 =3 +0468 |[~40050 |=e0T61 +0126
2498 5 o 20266 | 20274 [-40067 20071 f 2498 5 [ 20264 1~20057 [-.0706 | 20098
Ze93 5 3 $1265% 20029 |-.,0087 0057 2498 5 3 01273 [=20066 [=.0081 |-40678B 40079
258 5 & #2329 [=00254 [-.0082 3045 2.98 5 6 22379 [=,0482 [-.0052 [~s0477 s0055
2498 5 9 23843 1=,0559 [-.0056 +0040 2458 5 9 #3474 1=e(B83 (-e0047 [-206%9 «0053
2498 5 1z 24580 1240822 [=30054 [=,0738 20034 2498 5 12 4728 1=41300 [=40043 [=40717 0084
2498 5 15 06025 [=21243 [-40060 {~20798 20035 2498 5 1% 05224 [=41860 [=eD0&5 [{=e0765 « 0043
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TABLE I

~-EXPERIMENTAL RESULTS FOR CONFIGURATIONS HAVING
FIXED FINS — Continued

M BT Ten[em| @ [ov|c m [ Blalc [em | |c]|c
[ eg| deg | N m 4 Y N deq| deg N m t Y n
{i) Three fixed ventral fins. (j) Four fixed fins in X arrangement
2+98 -1 -9 ~e26B3 +0782 +0020 +0138 2498 -1 -9 =e2749 o1016 +0017 20189
298 -1 -4 +0018 20112 2498 -3 -6 =s1742 «0722 +0020 «0158
2498 -1 -3 ~e0T322 «0021 #0118 2498 -1 =3 ~e0745 20847 +0018 20141
2498 -1 0 «0216 20015 20119 298 -1 o +0199 0017 20137
2498 -1 3 +1280 +0023 20129 2458 -1 3 20024 20131
2498 -1 13 02348 20031 0122 2498 -1 & 20032 10108
2498 -1 e #3457 #0027 2120 20000 2498 =1 9 20028 20091
2498 -1 12 +4630 0021 #0129 [=40001 2298 1 12 00030 0B84 40001
2498 -1 15 w6025 0026 0119 «0000 2498 -1 15 20031 0064 40008
2498 Q -9 ~e2670 »0008 [-40016 «0D32 2498 [} -9 . 5 «000% 0027
2498 <] -5 -+1685 #0007 [=40013 «0029 2498 ] -6 . 8 +0003 20027
2498 0 =3 -s0722 «0005 | =40012 +0027 2+98 ¢ -3 «0003 | -+00035 20024
2.98 0 0 #0230 «00C5 | -40006 40026 2298 1] 0 «0011 +0001 +0020
290 ] 3 1258 «0013 | =40001 #0022 2.98 4] 3 «0018 | ~4 0005 #0017
2498 0 6 02362 «0017 |~40008 «0018 2298 o [ «0018 |~e0032 20016
2.98 0 9 23448 +0013 [=,0015 20015 2,98 4] 9 s0018 |~ 004AS 20017
2:98 0 12 26634 [=41311 «0015 |=40017 +0014 2.98 ] 12 24859 | =e1252 20020 | =s0082 0017
2498 [¢] 15 06032 [=~41838 «0012 [=.0009 +0004 2498 ° 15 25025 [~el672 40017 [=40070 40015
2498 1 -9 -e2681 +0825 «0001 {=40194 20061 2498 1 -9 -22728 1021 [=40010 |~+0182 10062
2498 1 -6 ~s1648 «0570 40001 [=40174% 40057 2498 1 -6 =¢1715 «0773 [ =40002 | -s01T74 «0053
2498 1 =3 ~e0708 ¢0391 [=~40013 }=-,0151 2C0AE 2.98 1 -3 =a0720 20499 [ =40008 [ -40156 0049
2.98 1 o 0246 20226 |=+40005 |=20136 0044 2498 1 [} «0256 0248 20000 [-o0141 +0045
2498 1 3 «12T77 [~40107 |=+0005 |=¢0120 20036 Z.98 1 3 «1330 0127 [=.0001 |~e0léd 20039
2498 1 6 42384 | -,0845 |~-,0005 }=40126 +0030 2498 1 & «2418 S4d | —+0001 | =20158 00038
2498 1 9 «7493 [«,0937 |[=42000% |[~e0134 20027 2498 1 9 ¢3526 [=e0937 [~+0001 |-40178 «0032
2498 1 12 <4667 [=41353 |-40008 |=a0147 20025 2498 1 12 «ATI8 [=41308 [-,0003 |-40215 «0038
2498 1 15 46073 | =4 1BB5 |~»0011 |=¢0159 30014 2498 1 15 46094 [ =21760 |-40006 |~+0234 «0032
2498 3 -9 -+2686 «0783 | ~20043 |=20570 20115 2498 3 -9 ~e2769 21022 [=o00%6 |-00581 «0l19
2498 3 -t =+1689 +0538 ~20526 20098 2498 3 -6 -+ 0542 0101
2098 3 -3 =-s0722 +0382 =~ 0477 20074 2498 3 -3 =+0487 20079
2+98 3 ] 20248 0197 =sQ428 + 0057 2498 3 0 =104&49 0064
2298 3 3 +128B1 0113z 20044 2498 3 3 ~00429 +0053
2498 3 [ 22401 0554 ~:039% a0035 2498 3 & =e0430 +0028
298 3 9 #3516 [=e0949 -+ 0407 +0029 2.98 3 9 =e 0454 +0029
2498 3 12 o742 [-41394 -e0420 «0027 2498 3 12 -¢0503 +0036
2,98 3 15 #5161 {~21810 |=-40028 [=40538 20037
2498 5 -9 ~s2722 0868 | -40060 [~40928 «0177 2.98 5 -9 ~e2775 «108% -+0924 20184
2498 5 -6 ~e1709 #0630 |=40059 [-e0857 s0189 2498 5 -6 ~e0857 20187
2498 5 -3 ~e0748 «0455 | -¢0062 [=~40784 20122 2.98 5 =3 ~e0792 00132
2498 S o «0237 20238 =+0718 +0094 2498 5 <] «0109
2498 5 3 21296 [=40099 =sCH78 « 0075 2498 5 3 +0083
2498 5 ] #2392 [=40502 =+0682 20060 2498 5 ] 00064
2498 5 9 #3521 [=40904 «s0703 20048 2498 5 9 «0053
2.98 5 12 «A6B9 | ~a134h 40049 -.br1s 20041 2498 L3 12 +004A8
2498 5 15 «Q055
{x} No fixes I} One fixed ventral fin
4401 ~1 -9 -e21273 20372 20035 »0073 T-» %01 =1 -9 -~ »
4401 -1 -& -e1336 20193 40032 s00G58 |-40011 4,01 -1 -6 =+129¢ 20182
‘4201 -1 -3 ~+0608 20125 «0041 20083 [=-40011 4401 =1 -3 —+0568 «0114
401 -1 0 20124 #0113 20039 «0070 | ~4000% 4001 =1 o #0141 20101
4,01 -1 3 +08%0 0107 20041 +0080 «0005 4401 -1 3 20924 «0071
4,01 -1 6 21718 [-,0008 a0047 «00B1 «0015 4,01 -1 & 1748 [=,0007
4,01 -1 9 +269% |=a0329 «00&T «00B8 20018 4201 -1 9 «2723 |=20739
4,01 -1 12 #3667 [-40452 « 0089 +0088 40029 4401 -1 12 23674 [~a0455
4201 -1 15 24882 [~,0703 « 0027 «0057 20024 4401 -1 1% 28909 [=40713 [=40006 #0057 20021
4201 o -3 =~e2095 «0401 40011 + 0003 4401 Q =9 -22090 + 0406 « 0012
4401 o =6 441303 «0222 +0008 20006 4401 o -6 +0228 «000%
4401 o -3 -+0587 «0136 +0008 20002 4001 ] =3 «0004
4eD1 o ] 20145 «0118 + 0007 20004 401 0 0 +0006
4401 o 3 <0877 +0119 0008 20007 4e01 o 3 +0007
4401 o & «1705 +0005 20035 20009 4,01 ] & +0010
4401 o 9 «2701 | =+0334 20042 20012 401 [} 9 20011
4¢01 o 12 3635 [~a0468 »002% +000% 4,01 ] 12 «0009
4401 0o 15 24888 1-,0719 #0005 |-400%8 0005 4401 0 1% -+ 0058 +0008
4401 1 -9 -¢210%9 +0398 «0001 |-,018% ¢0029 401 1 -3 -s0179 «0032
4,01 1 -6 =+1301 0219 +0003 0158 0026 4401 1 -8 ~e0162 20030
4201 1 -3 ~a0549 0134 «0024 0149 40019 4001 1 -3 -s0181 «0022
4201 1 [¢] 20168 #0123 [=40005 a0016 [ 4401 1 0 ~e0134 00017
4201 1 3 20905 «0119 |~=40008 20008 4,01 1 3 =eD11% +0014
4,01 1 5 21737 40012 40001 40003 4401 1 [ ~e0110 00009
#01 1 9 22727 [=40336 « 0028 40003 4301 1 9 =s015%4 «Q0010
4401 1 12 03717 j=e04bh [~40018 [~¢015¢ |~e0007 4,01 1 12 ~s0164 +0002
4s01 1 15 24913 |=40T70 +0012 [=40159 |=-s0002 4401 1 15 -e0181 20007
4401 3 -9 0355 [=,0042 +0087 4401 3 -9 -e2082 «03%% [-40026 [=10482 +0062
4201 3 -4 +0179 [ =,0029 40051 4401 3 -8 ~+1281 0178 |=40027 [=40430 00052
4401 3 -3 50120 {=20040 »0037 4401 3 =3 =20535 «0126 [-40028 |[~-+0603 20041
4401 3 ° 20117 1=4004% #0022 401 3 o 0193 «0122 {=40029 [~+0376 20027
4001 3 3 #0119 1=40045 +0007 401 3 3 «0941 40112 [=20030 |=¢035% 20014
4,01 3 & =+0024 [=40049 -s20001 4401 3 6 21786 [=¢0031 [-+0030 |-+0359 20007
4401 3 9 =20368 |=s0054 -20006 4401 3 9 42769 | -+0369 «0009
4001 3 12 «+0539 [=20052 =-20010 4001 3 12 43748 [-00551 «0009
4.01 3 15 =+0829 !-40059 =a0005 4,01 3 15 «h4981 | =4GBAL «8017
4,01 5 -9 00406 (40057 |-40751 «0107 ha01 5 -9 ~e2099 +»0406 o0118
4,01 5 -6 «02Th [=40081 [-40895 «0082 4501 L] -% ~+1288 20279 2009
4,01 L] -3 001986 [—40062 [=405643 «0059 4.01 1 -3 =+0551 20213 20078
4401 L) 0 «DI7B [=40062 [=~40606 «0039 4401 S o 20202 +0182 20059
4,01 5 3 «0149 |~40063 |=+0591 +0025 4401 5 3 20957 0160 #0050
4,01 5 6 21786 |=40013 |=40071 |=40572 s0020 4401 5 [ «1770 | 20013 20043
4001 5 9 242695 |~40321 |=¢0072 | ~+C5B8 20014 4201 5 9 22737 [ =034} +0043
4401 5 12 3659 |=+0506 | =e0078 |=+059% 20007 4401 1] 12 #3715 | =e0517 20037
4eD1 5 15 «4952 | =60797 [=40074 | =40623 [=40010 4401 5 15 5010 [ -e0828 |~400% 200023
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TABLE T -EXPERIMENTAL RESULTS FOR CONFIGURATIONS HAVING
FIXED FINS - Concluded
mlBTalcoy[em| afc MB-"-IC c CICICn
eg|deg| N m t Y| G deg|deg| "M m L Y
{m) Two fixed ventral fins (n) Three fixed ventral fins

4001 =1 =9 [-e21a1 | s0ss8 | 40013 | ,0100 |-40027 [l 4401 -1 =9 |=e2174 | +04a1 | 40013 | 40102 [-4002%
01 [-1 -6 «0251 | 40018 4401 {-1 -6 [=+1383 | (0731

4401 -1 -3 «0133 | 40015 4401 |1 -3 [|-.0888 | J01Z6

%401 |-1 ] +0086 | <0013 4401 -1 ] 20159 | +0068

4401 -1 3 «0029 | 40015 4201 -1 3 «0927 | +0028

4401 -1 6 -4 0147 | 40021 4,01 -1 6 1776 {-40137

4401 ]-1 9 -40523 | 40017 4401 Je1 9 «2786 |~¢052

4001 -1 12 =40718 | (0013 4.01 |- 12 +3782 [-s0727

4s01  [-1 15 -¢1065 | +0007 | 40078 | «0024 [l 4401 I 15 45059 [=¢l071

401 [ -9 [e2120 | 40506 +0015 [l 4002 [ -9 «0506

4401 0 -6  [e1326 | 40314 #0011 § 4401 o -6 20320

4401 [ -3 [40572 | »0184 40011 f 4,01 o -3 +0178

4401 o o «01B1 | #0117 40012 § 4001 o [ o117

401 0 3 +0934 | 20050 40015 F 4,01 [} 3 «0050

4001 [ s «1763 k40106 40016 fae0l o [ #1781 |=40113

4e01 (O 9 #2783 =,0513 «0018 4401 ] 9 #2801 (=e0520

4401 o 12 #3772 10726 20015 K a.01 ] 12 o3TTT [-40733

4s01 o 15 «5028 1=, 1081 00012 ¥ 4401 ] 1% »5069 [-.1088

4,01 1 ~F  e2118 | 40502 | 40002 F.0157 | 20039 f4e01 1 -9 [=s2122 | 049

4401 1 =6 [eI3Z6 | 40292 |-40001 [s0134 | «0039 [ 4e01 1 -6 [~e1312 | 0287

4001 1 -3 }e0570 | 40176 [-20007 |[40143 | 40032 [ 4401 1 =3 0535 | #0170

4401 1 o «01B7 | 20091 |-a0006 [a0127 | 40028 } 4401 1 [} «0206 | 20091

4401 1 1 «09Z7 | +0037 [-.0007 |+0069 | 40025 §#a01 1 3 «0970 | 20031

4,01 1 6 41789 Fe0133 [-,0005 10118 {40022 {4e01 1 & +1815 40115

4401 1 9 42816 Fe0534 [-40009 te014b | 20020 4.0 1 9 «28A1 }=40536

4401 1 12 43805 }a0755 Fa0016 Fe0171 | 20016 4601 |1 12 23872 140750

4401 1 15 #5075 Fe1168 [-40016 }s0184 | 40017 4.0l 1 15 ¢5116 J=a1187

4,01 3 =9 FuZ136 | +0407 40020 F,0479 | 20083 |l4.01 3 =2 |.2155 | 40377

4,01 3 =6 11300 | 40213 F.0024 FoO446 | 40089 Jl4.01 3 -6  e1338 | .0202

4,01 3 =3 }a0553 | 40124 }40022 ho0416 | 20054 Jl4e0L 3 =3 [a0572 | 40119

#.01 k] [ 20212 | 40085 [e0023 F.0379 | 40041 (14,01 3 o «0194 | 20077

4401 3 3 20979 140019 40020 Fu0362 140030 {4401 3 3 +0961 ] 40031

4:01 3 3 «1BbA e0179 Fe0016 [o0368 |,0022 [l4eDl 3 6 1846 20173

4401 3 9 «2867 Fe0578 1.0016 L0384 | ,0018 [l4401 3 9 *2847 F40571

4001 3 12 43899 L,0845 },0022 |,0384 | 0019 [ 4401 3 12 03860 [40B4D

4401 3 15 #5147 41258 F.0026 o041l | 20026 3 15 «3147 1247

4401 H =9 Fe2114 140498 1,0039 },0768 | .0144 5 =9 Fe2140 | 40497

401 s ~6  Ps1305 {40357 [e0035 [e0712 | #0121 5 ~6  Fa1325 | 20345

4401 5 =3 }a0551 | ,0267 [e0036 Fe0657 | 4009& 5 =3 }e0570 | 40248

4,01 s ] 20221 | 20169 F.0033 k0625 | 40075 [l4e01 5 o «0202 | 20168 20041 Fe0602 | e0078
4,01 E) E] «0994 | 40086 |,0074 },0803 | 40063 [ae01 5 3 20976 | 40085 [40042 #0590 | <0068
4,01 s s 1878 o137 40034 «0059 4401 s & «1BA4 [-4013Z [~.0043 0596 | 20063
4401 s 9 ¢2830 p40531 [-.0040 #DO57  J 4401 5 9 #2815 F,0532 40044 +e0819 | 40061
3,01 s 12 03832 PR.0799 | 0042 «0053  [4.01 5 12 43830 0799 [-20050 Fe0642 | 40060
4,01 s 15 05162 [e1238  |,0039 20035 [4.01 5 15 05163 1244 [~40043 }e06B1 | 40044

(o) Four fixed fins In X arrangement

T FT ¥ FeZ2T4 [ <0581 [ <0017 |+0079 Fe0022

4,01 f1 -6 |e1393 | .0342 |.0018 |.0073 F.0020

4401 |1 =3 40626 |.0195 |.0015 |.0076 F.0023

4201 1 ° «OI59 | +00B4 | 40017 |40088 Fa0014

4,01 [I 3 20926 140002 | 40014 |+0112 Fe0004

4,01 f1 6 41826 }e0202 {40021 |40109 | 40008

4201 r 9 22800 Pa0541 +0009 +0097 #0013

4101 P1 12 23796 Fe0694 |,0007 |.0106 |a.0017

401 h 15 25077 Fe1051 40007 | 40074 | 40020

4201 0 ~9  F42196 0643 |,0000 [,0037 |.0008

4401 o -6 F»1382 |.0407 }.0005 P.0034 |e0007

4401 [ =3 }40591 |.0267 ]|.0007 40022 |40006

4401 o [ 40163 | ,0124 |.0004 [.0011 |.0008

4401 [} 3 20936 | 40027 140006 40011 [o0010

4401 o 5 W1781 0155 | .0008 40013

4,01 0 9 22799 $40512 | 40004 0015

4,01 [\ 12 43769 $.0688 F.0006 +0014

4001 ° 15 #5066 $41081 +.0012 +0015

4,01 1 -9 42193 140638 $.0002 20041

4001 i -8 #1366 140337 $.0009 40031

401 1 -3 +0808  1,0227 $40007 40027

4,01 1 [ 20188 |.0092 $.0013 «0022

4,01 1 3 20971 [40001 $40011 20021

4,01 1 6 +1877 4,0188 1,0012 +0012

%001 1 9 ¢ZEZ1  $40553 140017 40014

4401 1 12 23829 $+.0748 1.0023 «0007

4001 1 15 #5078 $,1137 $.0027 40016

401 3 -9 «2175  |+0541 1.0031 40093

4001 3 -6 +1353 140317 $.0032 «0070

4,01 3 -3 +O5B9  [.0179 1.0034 #0057

4001 3 [ 40214 140077 140035 +0045

4401 3 3 40782 440024 140036 20034

4,01 3 6 <1883 $.0258 $.0036 20027

4001 3 9 42864 4.0625 ¢.0040 +0022

4001 3 12 +38K4  +$.0B46  1.0047 10024

4,01 k] 15 #5108 441233 140042 40032

4,01 s -9 421865 1.0608 $,0043 1.08i0 levide

4401 s -5 +1355 |s0418 $,0044 1,0773 1.0125

4301 5 -3 20585 20267 » 0044 «0713 +0006

4401 s o 20224 [40132 140048 1a06T4 140071

4,01 ) El 41013 |40018 1.0046 1.0638 |e0062

4.01 s 6 +1BBZ 140223 140055 [«0686 [e0065

4,01 5 9 hy2827 10622 140052 40658 [40057

4401 5 12 23790 +.0810 10055 140688 40059

4001 5 15 45125 441213 140056 T[40736 140047
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TABLE I -EXPERIMENTAL RESULTS FOR CONFIGURATIONS HAVING
JETTISONABLE FINS

m [Blalc¢ B 1 a
deg | deg N Cn G Cy Cn M deg | deg Cn Cm C; Cy Cn
(a) One jettisonable ventral fin () One 16° wedge jettisonable fin
2437 -1 -9 ¢1172 | 40015 | 40140 |-e0022 || 2437 |-1 =9 [-,3375 | 41196 | «0011 | o0144 1-40020
2,37 -1 -6 <0868 | 40014 | 40135 [-e0018 [ 2437 [~ =5 |=s2151 | «0902 | +0014 | o014s [-40018
2497 -1 -3 20580 | 20017 | 40117 [-+0014 [| 2437 [-1 =3 [-.0953 | <0801 | «0OL7
2437 -1 0 +0180 | 40013 | 40117 [=e0011 || 2437 [-1 [ 10304 | 40190 | <0013
2437 |-t 3 ~+0188 | 40017 | 40107 [=40007 | 2437 -1 3 «1570 [=40206 | +0017
2437 [=1 '3 =40561 | 40018 | 40102 |~s0007 .| 2437 (-1 6 «2878 [~40608 | 40018
2437 -1 9 -s0918 | »001& | +009% |~2000& § 2437 (-1 9 4186 [-40977 | <0015
2437 -1 12 ~21161 | 40016 | »0083 [-40001 f 2437 (=1 12 25483 [=¢1123 | «0020 | 20091 | #0004
2437 o «9  1-43342 | +1166 [-40003 [-40027 | #0022 f 2437 [ =9 [~43372 | 41198 [-.0004 [-40034 | 0023
2437 o -6 [-42119 | 40871 00 -40025 | 40020 | 2437 0 -6 [=¢2136 | +0910 [-+0004 |-00026 | #0030
2.37 ° <3 [=,0950 | 0383 40032 | 20020 [f 2437 0 ~3  [=+0937 | 40605 |=s0005 [-40038 | +0030
2437 [} [} #0335 0183 -s0029 00022 2437 [} [+ «0331 «0180 [~20005 40028
2437 0 k] #1577 |~s0187 ~+0034 | 40019 | 2437 [ 3 «1602 205 [~+0001 «0025
2437 0 6 22856 |-a0554 ~+0080 | 40017 || 2437 0 6 42854 |~40601 [-20001 #0027
2437 [ ] 24192 [=40925 -+0071 | «0019 || 2,37 0 9 «4205 [-40996 [-40002 40024
2437 o 12 #5520 [=a1177 ~40083 | «0016 [ 2437 0 12 o5454 [-41168 | 0001 «0023
2037 1 =9 {=.33%8 | al1176 ~40208 | #0082 || 2437 1 -9 [=43343 | 41192 [=.001% |-00226 | #0070
% 2437 1 -6 1=42119 | 40869 ~40196 | 40049 |i 2437 1 -6 [=s2108 | 40692 +0048
2437 1 =3 1-,0911 | 40571 -+018B | 20043 [l 2437 1 -3 [-.0934 | «0590 =40197 | 10041
— 2437 1 [ 40363 | <0170 ~e0172 | 40081 |1 2437 1 0 #0361 | 20160 ~e0177 | 40057
| 2037 1 3 1590 |-40186 —e0174 #0039 2437 1 3 «1620 |=20231 =a0189 «0054
— 2437 1 6 42883 |~40555 ~.0191 | 40039 [ 2437 1 6 +2907 |-00625 -¢0205 | <0053
2437 1 9 +4239 |=0093% ~e0209 | +0080 {| 2,37 1 9 #4237 [-J1018 ~e0228 | 0053
2.37 1 12 «5601 [-41230 -20232 20037 2437 1 12 #5501 |=41221 -e0251 «Q050
2437 3 =9 [=43377 | 41173 {-40052 [-40608 | 40115 [ 2.37 3 -9 |-a3351 | 41193 ~40650 | #0137
2037 3 -6 1=42134 | +0B&4 |-.0047 [-40568 | #0106 [} 2437 3 4 |=e2119 | o0882 ~s0617 | 40130
2,37 3 =3 [-40918 | 40557 [-.0088 [-¢0522 | +0089 H 2437 3 -3 |=.0935 | #0567 40568 | #0113
2037 3 [ «034B | 40164 |~.0045 [-,0475 | 20076 § 2437 3 o «0369 | 40157 -.0522 | 40098
2437 3 3 +1621 [=40207 [-40045 |=e0871 | 20070 {f 2437 3 El «1680 |=¢0232 ~40502 | 40007
2437 3 s 02922 |-40%84 [=40047 |=o0492 | 20068 | 2437 3 6 42937 |-~e0639 ~+0533 | 40084
. 2437 3 9 24278 [=40957 [=40052 {~s0513 | #0086 {| 2437 3 9 04316 |-el0ds «40555 | 40079
2437 3 12 ¢5611 [=41172 [=20058 [=s0538 | 20082 | 2437 3 12 «562Z7 |=a1199 =20570 | 40072
2437 s -9 |=43359 | 41215 |=400B86 [=20992 | 20208 J 2437 5 =9 |=e3346 | +1218 [-s00B4 20235
2437 5 -6 [-+2135 | 40901 |-.0113 0188 2437 5 -6 [=e2137 | 0918 20218
2437 5 =3 |-40916 | #0581 [-.0080 «0158 | 2437 5 =3 [~e0914 | 40587 10193
2437 s 0 40348 | 40185 |=40075 «0139 | 2437 5 o «0388 | J0185 «0168
- 2437 5 3 «1632 |=40195 |-40077 00123 || 2437 5 3 +1883 [=,0207 e0149
2437 s 6 22952 [=40571 [~40079 0118 || 2437 5 3 #2960 [-00602 «0138
2437 5 9 44256 |~+0945 |-40085 +0106 [l 2437 5 9 24286 [=41003 [=40082 +0128
2437 s 12 +5646 [-e1163 [-c0090 «0099 | 2.37 H 12 05627 [=41174 |=s0088 00116
(e} Two jettisonadle ventral fins {d) Three jettisonable ventral fins
2437 -1 =9 [=e3612 | ¢1680 | +0012 | +0Ta6 [=+0035 f§ 2e37 [=1 | =3 |-«3578 | «I58% [ +0012
2437 -1 =6 [=e2314 | 42174 | 40011 | #0132 [-40026 § 2437 |-1 -6 2291 | o110 | 0010
2437 -1 =3 [=41033 | 40687 | 40002 | 40131 [=20022 § 2437 |[-1 =3 [=+1013 | +0592 | 0013
2:37 |-l 0 #0328 | 40025 | .0008 | 0145 |-s0019 § 2,37 (-1 [ +0366 |~40056 | #0012
2437 j-1 3 +1693 [-40615 | 40008 | #0121 2437 -1 3 #1728 |-.0683 | s0011
2437 |-1 [ +3107 [-+1307 | +0008 | .0123 2437 =1 & «3168 [=+1363 | 40012
2437 [-1 9 #4329 [=41862 | 20027 | J0107 2437 |-1 9 4419 |-s1686 | 20014
2437 [ -9 [=43818 | 41670 |-.0004 0026 § 2437 [} -9 |~+3%69 | #1604 «0024
2437 [ -6 [~s2326 | 41189 [-.0012 40028 § 2437 0 -6 |=e2251 | a112s «0022
2437 [ -3 [-+1022 | 40687 |-40013 «0022 F 2437 [ ~3 | -+0599 | o082l «0019
2437 [ ] 40357 | 40038 [=.0010 «0020 § 2437 0 [ #0393 [-.0030 +0015
2437 [} k] 21723 [~aD609 {=40003 40018 § 2437 0 3 «1749 [=408T4 «0011
2437 [ 5 #3113 [=41287 [-40003 40013 § 2437 [ 3 *3166 [=-01353 «0007
2437 o 9 24536 [+41922 |=-.0002 «0012 § 2437 o 9 #4516 [~41814 «0007
2437 1 =9 1~43821 | 41670 [-40012 40082 F 2437 1 -9 «1596 «0048
2437 1 -6 «1188 [-40023 20089 | 2437 1 -6 «1117 20059
2437 1 -3 40675 [-40018 20059 | 2437 1 -3 «0608 #0050
2437 ) o 40016 [=,0020 [-~s0188 [ o0051 F 2437 1 o 10423 | =40066 20045
2437 1 3 =¢0614 [~40018 20047 [l 2437 1 3 «1811 [=40707 20039
2,37 1 [ ~41315 [=.0018 20042 | 2437 1 6 +3188 |-41289 «0037
2437 1 9 =42006 [=20018 «0039 § 2437 1 9 28387 [=418B9 [~40026 |=0193 | #0031
2437 3 =9 |=43610 | 41665 |-40042 |=+0706 | 20188 f 2437 3 -9 «1592 [=00046 20159
2437 3 -6 298 | 41194 |-.0034 | -e0648 | 20144 | 2437 3 -6 1114 [=40041 0140
2437 3 =3 |=41010 | 40684 |=~00037 59 20122 || 2437 3 -3 «0590 {=40041 40116
2437 3 Q «0390 | 0026 [-.0032 40100 | 2437 3 o =e0061 [=e0041 «0100
2437 3 3 #1951 [=40817 [=.0029 [-e0520 | 20091 f 2437 3 a <1818 [~40704 [=40036 «0087
2437 3 6 +31B9 |-41286 |~+0036 [-s0542 | 20086 [ 2,437 3 6 32 01395 {40039 +0081
d 2477 3 9 k64D |=01919 | =40041 [~a0540 | 20072 § 2437 3 L] 4590 [ ~41840 [-s0044 +0045
2437 5 =9 [~43635 | «1738 |=20074 |=s1113 | 40275 § 2437 s -9 «1665 |=40070 [=+1098 | 0267
237 5 | -6 376 | o1264 [-00070 [~o1045 | 40245 F 2437 5 -6 ¢1209 |=40068 [~21024 | 20238
2437 5 -3 #0752 | ~»0064 | =20950 | #0211 ¥ 2437 5 -3 «0674 |~400T1 |~+0934 | 20201
2437 s 0 «0116 | ~40062 0182 1 2437 5 [ 40022 |=40062 | ~20882 | #0178
* 2437 s 3 w1752 [ =20526 | -40061 0164 § 2037 5 3 «1796 | =20621 |=40061 | ~40870 | <0155
2437 5 6 22197 [~e1214 |-40064 | =00902 | +0148 [| 2437 5 [ #3271 {=01339 |=10067 [~40895 [ 40139
2437 5 9 «8630 | =4 1875 | ~40066 | =e0904 403128 2437 5 9 oh612 | =41837 |=40072 [ =40877 «0l10
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TABLE I

-EXPERIMENTAL RESULTS FOR CONFIGURATIONS HAVING
JETTISONABLE FINS - Continued

ol em] oo

B, a,l I
M lde deg v | Cm

Cl|CYiCn

{e} Four jeltisonable fins in X arrangament. {H One jettisonable ventral fin
-1 -9 |e3752 | 41925 | +0018 | 0138 [-a0028 [l 2498 -1 =9 1-.2608 | +084&6 | 20015 | 40160 [-.0020
-1 -6 31622 | 40021 | 20157 140033 || 2498 |- =6 1=a1608 ] «0&&0 | 40019 | 40150 [-40017
-1 -3 20939 | 40023 | 20163 [e0032 {2498 [ <3 |=.0661 | 40332 | 0018 | 40131 [-+0009
~1 0 40175 | 40018 | 40164 [-40026 [ 2498 [-1 [ 40286 | 20232 | 40021 | #0121 [-40005
-1 3 21680 |=4052& | 40024 | 40159 [-e0023 2458 [-1 3 +1218 | #0020 | 40026 | »0115 |=40002
-1 6 43110 [=21282 | 40020 | 40132 [-,0020 298 |1 6 22300 [+0312 | «0015 | 20100 | +0001
~1 9 +4803 141940 | ,0026 | «0137 [~e0016 [[2098 =1 9 03393 [-,0593 | ,0021 | +008% | .0001
2498 -1 12 +4%35 |=20B73 | 20019 | «0074 | «0002
2498 =1 15 45864 |=21237 | 40016 | «0087 | 20000
2437 | o -9 «1975 +0023 § 2498 [ -9 «0873 | 4QOC5 | «0007 | 40012
2437 [ -6 +1662 20038 J 2498 0 -5 +0463 | 40000 | 40001 | 20014
2437 0 -3 <0960 +0026 fl 2498 [ -3 JDIST | 40003 | £0002 | 40012
2437 o © +0192 20032 {2498 0 ] «0257 | 40007 [~a0009 | 40011
2437 4 3 +1718 [-40503 20024 2498 [ 3 40031 | 40001 [-.0009 | 40010
2437 | O 6 «3151 [~41262 20024 |l 2498 [4 6 -20293 | 40010 [=20035 | #0011
2437 o 9 <4630 |~01025 20018 [l 2498 [ 9 200576 | 20011 [=400486 | 40014
2498 [ 12 ~20863 | +0009 [e0057 | 40013
2498 0 15 [-e1231 $0007 [=a0077 23009
2437 1 -9 }43793 | .1983 L,0011 20077 {2498 1 -9 «0869 [~+0010 [-e0154 | «0037
2437 1 -6 [ez861 | #1622 140011 s0087 2,98 1 -6 +0462 30014 100154 [ 20033
2037 1 -3 Fal1112 | «0947 [.0012 0076 2498 1 -3 40356 [-e0015 }-e0149 ! c0028
2437 1 0 20362 +0145 40020 «0070 2498 1 o 20250 20023
2437 1 3 #1734 |,0585 [-.0018 «0064 |l 2098 1 3 40010 «0021
2037 1 & +31B1 1312 [e0017 40059 {2498 1 6 -40317 40021
2037 1 9 4682 42035 [-40015 4004k [ 2098 1 9 l-e0608 «0024
2.98 {1 12 ~+0903 «0028
2498 1 15 +1256 F¢0013 [e0231 | 40025
2498 3 -5 «0855 [F400&5 Fe0523 | #0091
2437 3 ~6 47880 | 41602 [a0046 k0692 | 60170 #2498 3 -6 40457 [+40041 me0499 | 20084
2¢37 3 =3 bk.1123 | 40923 F.0051 Fe0835 | #0154 {2498 3 -3 40341 [-eB036 40388 | 40073
2437 3 [} 20316 | <0153 Re0S80 | +013% {2498 3 0 00237 1e0036 Fa0434 | #0082
2437 3 3 o1725  }40557 0568 | »0126 {2498 3 3 20005 }.0035 l.0415 | .0050
2437 3 6 ¢31BT be1314 Fe0045 Fe0595 | #0I15 {298 3 [ 40313 0031 }a0430 | 20046
2437 3 9 «8633 F,1965 0046 1240568 | ¢0093 |[2.98 3 9 +3856 [e0607 |e0026 |[-a0467 | (0049
2498 3 12 4708 20919 }s0030 [e049T | 20051
2,98 3 15 £6002 [e1303 }e0026 [-4054% | 40052
2,98 5 <0 k,2638 | 40701 [.0068 140873 | «0156
2437 5 -6 42523 | «1636 [e0079 41090 | 40286 [[2496 5 -6 bF,1815 | +0504 [-e0067 Fe0833 | 40139
2,37 5 =3 k1116 | ¢0962 Fa0074 41016 | 00281 [12498 s -3 b.0663 | 40382 |40061 }e077B | 0117
2437 5 [ 40316 | 40216 .00 (60965 | 00233 {2498 5 0 40278 | 40238 40065 Pe0736 | <0097
2437 5 1 1714 Bo0%06 }-+0069 140943 | 40210 §2.98 s 3 W1284 40005 [~40C60 (40712 | 20079
2437 s 6 3173 poe1252 0071 }e0970 | #0193 12498 5 & 42370 [e0306 [Fe0088 [a0741 | 40070
2437 5 9 4618 21849 }20079 F.0968 | 20169 ] 2.98 5 9 43456 20593 20089 [PeOTTT | 40065
2498 5 12 24613 40890 40051 Fe0Bl3 | 200064
2498 s 15 #6095 [a1330 F,0052 Fe0903 | #0071
(g} One 15° wedge jettisonable fin ) Two jettisonable ventral fins
=0 F.2667 [0KTZ [ 40019 [+01%Z [e0026 2496 TI =5 F.2T “5%8 ] .0007 | ~0157 Fe0CZ6
—6  Fe18%3 | e0a73 | .0018 | L0148 Fe0024 2,98 1 -6 [e1751 10010 | #0147 Fe0026
-3 L,0731 40358 | 40013 | 40140 k40016 }2.98 1 =3 [.072 10005 | 40130 Fe0015
0 «0203 | .0258 | 40018 [4013C [e0007 J2458 1 0 £0237 20012 | ¢0136 [e0015
3 J1216 | ,0026 1,.0020 |.0140 |.0001 [2.98 1 3 21303 10014 | «0125 Fae0011
3 02288 F,0325 | 40019 | 40140 | 40003 (2,98 F1 6 2447 «0014 | 40118 0011
9 ¢336B L,0640 | 40016 | 20144 | 40005 [2.98 F1 9 43801 <0014 | 40111 40008
12 4540 [,0946 {40014 |.01a& |.0006 [2.98 1 12 «aas7 <0012 | 40105 0011
15 45899 [o1345 | ,0020 | 40140 | #0008
2498 [ -9 k,2648 | 20723 | 4000% | 40005 |e0026 12,98 0 =9 Fe2792 | 40997 40001 Fe0018 {49013
2498 0 -6 Fa18%2 | 40513 | <0007 | 40003 | 40027 H2.98 4 -6 |a1733 140679 40000 }e0012 | L0015
2498 [ -1 +,0722 | .0807 | 40002 |.0005 |e0026 [2498 ] =3 [.07a6 | 40418 }e0002 Fe0010 | .0010
2.98 0 [ 40209 | 40301 | <0006 |+0005 | 0026 (12498 0 0 40222 | 20156 | 40001 0000 | 0012
2498 o 3 «1213 | 40049 | .0009 |,0009 |s0027 12,98 [ 3 #1295 }e0265 | 40000 FaDOLL | 20010
2498 o 6 «2294 [.0308 40009 | #0004 |a0025 [2.98 ] 6 2442 Fo0812 F.0001 k0028 | 0009
2402 o ? 3372 F.0617 | 40010 |.0002 | 40025 (2498 [} 9 +38B5 Fa12764 1,0003 FeOG41 | 40008
2498 o 12 4516 40925 |,0003 P,0004 40028 [2498 0 12 4827 L,1769 | 40005 Fa0Ca9 | 40008
2498 0 15 +5901 L,1334 | .0014 #.0002 |+0026
2498 1 =9 Fe2643 [ 40719 Fa0007 FeQ172 | 0054 12498 1 =9 },277z | 40991 o001l [e0211 | 40047
2498 1 s Fe1619 1,0497 Fi0012 [et1e7 ]e0055 [12.98 1 6 Fe1736 | 40667 Fe0016  [e0201 | 40051
2,98 1 -3 L,0898 |.,0378 20050 [12498 1 =3 Fa0732 | 40402 12 Pe01T3 | 40034
2498 1 0 20226 | 20266 W00AB 2498 1 [ «0260 | 40133 F.0009 k0157 | 40035
2498 1 3 +1215 | 20013 10047 §2498 1 3 <1329 Fe02B9 £e0010 Fe0152 | 40020
2498 1 5 22314 20360 40046 2498 1 6 <2479 Fa0826 FeD0I1 $e0L70 | 40030
2498 1 9 «3413  |.0677 +0049 {7498 1 9 «3617 F41299 $.0007 Fe01BO | 00029
2498 1 12 24579 [.0987 20053 2298 1 12 24867 Fo1793 Fo0010 Fe0199 40033
2,98 1 15 V5963 [a1393  Re0018 20048
2498 3 -9 h.2667 [40652 [e003B +0097 3 =9 F.2794% | 40973 £4002Z FeOb1Ss | #0127
298 3 -5 Fa168B | .0645 },0039 40097 3 =6 k,1789 | 10849 +.0027 [e0571 |a011%
298 3 ~3  Be071Z 40321 f.0038 «0085 3 -3 F,0753 | 40800 $.0023 0523 [.0099
2298 3 0 40237 |+0216 40042 $007S 3 0 40258 | 40128 +.0018 #0430 | 20082
2,98 3 3 L12%4  $e0027 [e0042 40062 3 3 41339 |40282 $.0018 20071
2.98 3 & +2318  +.0364  [.0042 »00%59 3 6 22495 [a0798  $40014 +0061
2498 3 9 43424 [e0666 [20032 +0060 3 9 43669 Fe1292 00009 0060
2498 3 12 L4829 14,1007 F,0034 +0053 3 12 «4954 Fo1818  £.0011 #0064
2498 3 15 +6023 L,1439 £.0033 Fa0527 [a0065
2498 5 a9 Ry2679 140699 £.0065 Fe0907 (40173 {2498 s -9 Fe2808 {1037 1.0050 «0218
2498 o5 -5 Fe164z |e0892 }o0Ces [.0B82 |.0185 [2.98 s <5 k1759 | 40722 $s0049 «0191
2498 4 5 =3 F.0707 |.0363 }.0061 Fe0B20 [a0150 H2,98 5 =3 FeOT58 | 00467  $e0044 20164
2498 s ] 0751 | 40224 $.0060 Fe07T1 | 00131 12498 5 0 20271 | 40175 $00044 10142
2498 s 3 21252 10021 [s0067 (00737 (40112 [12498 ) 3 #1355 [a0256 fe0044 +0126
2498 5 -6 22342 F20371 20101 {2498 5 5 22508 0739 $.0039 +0114
2498 5 9 3433 F,0633 20100 [2498 5 ] o3646 Fo1233 40034 F,0810 [.0102
2498 5 ¥4 +4610 40953 0102 J|z.98 5 1z 4930 Fo1765 140027 Fe0840 40099
2498 5 15 L6087 helalo «0312




TABLE IT -EXPERIMENTAL RESULTS FOR CONFIGURATIONS HAVING
JETTISONABLE FINS - Continued

M Blalg¢ : m B a
deg | deg N Cm G Cy Cn deg | deg Cn Cm ¢ Cy Cn
(i) Three jettisonable ventral fins {{} Four jettisonable fins in X arrangement
2498 ~1 -9 =22767 #0811 » 0016 20167 -1 -9 =¢3055 «1639 +0015 +0182 [-40038
2498 -1 -6 ~s1720 «0589 »0015 #0168 -1 -6 ~e1962 #1234 +0013 «0166 |=20034
2498 -1 -3 ~s0721 #0326 »0017 201850 -1 =3 =¢0902 +0B13 +0019 «Q1469 [=40027
2.98 -1 ] 0279 #0038 #0011 20151 -1 [ «0180 40354 «0013 +0158 |=+0022
2,98 -1 3 1346 }-,0387 200622 +0139 -1 3 1319 [=40217 «0020 #0153 |=e0020°
2498 -1 [ 22500 [~,0934 «0022 20127 -1 & «2509 [-40835 +0019 20147 |=00018
2.98 -1 9 23864 [-31397 #0022 +0130 -1 9 «3661 [~e1344 0023 +0338 |=-e0013
2458 -1 12 +48B1 [-.1B%8 20020 20127 -1 12 4921 [~41892 *0025 20135 |=40016
2498 0 -9 —e2742 0927 20001 40009 #0009 2.98 [+ =9 «1679 40002 |[=20012 «0032
2498 [ -6 #1707 + 0605 + 0000 20009 #0007 Z.98 o -6 +1288 ¢0005 [~20006 #0031
2498 [] ~3 -+0702 +0336 [-+0006 +0012 «0008 2498 ] =3 «0887 1-40005 |-¢0012 #0031
2.98 o [ $0254 « 0062 +0001 + 0010 0007 2.98 [} [+ «0408 40002 |[=40005% + 0025
2.98 o 3 +134B |- 0365 +0008 0005 20008 2498 [} 3 ~40179 «0004 [=40011 +0025
2498 o & 22490 |-,0911 0007 [-,0013 20007 2.98 [} ] ~eD776 +000B [=40029 00022
8 298 o 9 +3648 [-413B1 +000B  [~40020 +0006 2498 ] 9 -s130% 20021
| 2498 o 12 «4897 |-,1902 20010 [=40024 20008 2498 [} 12 ~+10848 +0016
1
)4 2498 1 -9 20927 |=40011 {=aC184 20044 2498 1 -9 s1b61 «0078
2498 1 ~6 0593 |=,0016 {=40174 40041 2498 1 -6 «1243 20075
2498 1 -3 «0320 [~«000B }~40152 «0033 2498 1 -3 «0B36 «Q0s9
2498 1 o +0026 |=,0009 [~40136 #0031 2498 1 ] 0376 20066
2498 1 3 ¢1379 [-40402 |-40010 [-40130 «0025 2498 1 3 41342 -40236 40058
2498 1 6 ¢2519 |~40951 |~40011 [-20149 40027 2498 1 [ «251b [-40829 «Q0A9
2498 1 9 43685 [=41417 |-40011 [=40157 20025 2498 1 9 #3685 [-,1367 «004s
2498 1 12 «494B |-41%62 |=40009 [-.0182 +0025% 2498 1 12 #4934 [=41911 [-40010 [=e0222 20048
2498 3 -9 0913 |-,0039 ]-,0%87 +0114 2498 3 -9 01557 [-40039 |~40062 [X-3Y-14]
2498 3 -6 «0588 |~,0039 [-.,0557 +010% 2498 3 -6 «1202 |-e0036 [-.0623 3314
2098 3 -3 20326 [=.0043 [=40503 20086 2498 3 =3 0795 |-40036 «G130
2,98 3 Q «0280 «0035 [=,0030 [~,0481 20072 2+98 3 ] 20338 |-40032 «0115
2498 3 3 «1357 [=4D387 [=,0035 (=040 +005% 2498 3 3 +1340 |=,.0250 |-40023 «0105
2498 3 6 02524 1240929 [~,0028 [~40442 « 0049 2498 3 b 22538 [-o0BAS |~,0024 «Q091
= 2.98 3 9 «I717 1=a1430 |-,0029 [-40458 + 0044 2498 3 9 23698 |=41370 [-40023 «0085
2498 3 12 eA988 [=41992 [-,0027 |~s04B9 #0042 2498 3 12 24988 |=41944 |~.0022 29089
2.98 5 -9 40999 [~,0062 |=,0942 20198 2498 5 -9 ~+30%4 21663 |~e0063 20252
2498 5 bl ] 40676 {~40061 |-408B9 «0177 2498 5 -5 ~+¢1985 01234 |=40062 «0224
2498 5 -3 =e0745 «0407 [=40057 |~40823 20154 2498 5 ~3 =e0909 0819 |=¢0063 +Q206
2498 5 ] «0204 «00B9 {=40055 |=40773 «0127 2298 5 0 #0211 «0342 |=-.0063 20188
= 2498 5 3 1378 1=40349 [~40056 [=.0758 «0109 2298 5 3 o1346 {~40222 !-40063 20183
2498 5 ] #2538 [~,0871 [~.0051 [=40773 «0095 2.98 5 b +2550 [~a0804 [-40049 20144
2498 5 9 03706 |=41373 [«,0046 [~e0796 «00B4& 2.98 5 9 03723 |=+1351 [=40045 00135
2498 5 12 04372 [=41952 |~4004D |-¢0831 «008D 2498 5 312 24951 [=,1BB2 [-40039 [~40909 #0130
(x) One jettisonable ventral fin {1) One 15° wedge fettisonable fin

4401 -1 -9 0347 <0013 +0UBE [=¢002U 30T =T =¥ T eZ00W 0325 “OWUS “UUBT [™e00ZF
4401 -1 -6 «0177 «0010 a0076 |-40021 4,01 -1 -5 =e1299 20154 20010 «0090 =e0028
4401 -1 -3 0109 0012 «0083 {-4001B 4401 -1 =3 #0079 0008 «0075 [~e0021
4:01 |- ] 00089 | 40009 | 40088 |-40010 [ 4401 =1 [ 20060 | 40005 | 20099 [-40015
4401 -1 3 «0090 «0007 00095 |-40002 4401 =1 3 o004 20007 20109 |{=e 0005
4,01 =1 & = 0025 #0010 0101 » 0009 4001 =1 & «1771 [=40086 20006 0118 « 0003
401 -1 9 =»0352 20010 0113 WQ012 4401 -1 9 2764 |24QA1B 20008 20109 «0005
4,01 -1 12 20469 |=40001 0107 #0021 hob) ~1 12 23739 |-00553 |=.0003 20110 0012
4,01 =1 1% =a071% [=.0002 20068 0022 4401 -1 15 44962 [~,0855 [-20011 20076 20017
4,01 [} -9 ~22066 0390 +0000 [=-,0020 200C9% 401 0 -9 20007
4001 [} -6 -e1291 «0223 40001 #0008 4401 [ -6 20007
4,01 o -3 ~+0553 +0142 |«40001 + 0005 4401 L =3 +0007
4,01 0 ] 20182 20124 |=40003 +0007 4401 © 1] 20008
4.01 o 3 #0917 20112 [=40002 20013 4401 o 3 +0014
401 [} & 01743 #0011 +0001 «0013 4.01 e [ 10015
4401 o 9 22744 [~40335 1-,0003 +00186 4001 [} 9 +0017
4,01 0 12 43696 [-40462 1-,000% 400112 4201 [} 12 0015
4.01 o 15 44915 [=,0739 |-,0015 40014 4,01 [} 15 24970 |*¢0B67 [~40015 [~s0083 +0017
4401 1 -9 ~-s2064 20381 [-40005 0028 4401 1 -9 -22073 0367 {=40002 |[=eQ155 40031
4,01 1 -4 -+1272 40208 [~,0008 «0027 %001 3 -6 =21266 #0188 1=40005 [=«0147 20028
4401 1 -3 ~+0533 «013% [~-.0011 20023 4401 1 -3 =141 «0028
4401 1 o 20206 40111 [~40016 40020 4201 1 o =¢0135 0026
4401 1 3 40930 «0100 014 40020 4201 1 3 40025
4401 1 6 «1791 |-,0008 #0017 4.01 1 [ «0020
4401 1 9 -e0347 »0016 4401 1 9 0021
4,01 1 12 =+04B8 #3015 4,01 1 12 «0022
4401 1 15 ~40799 #0022 4201 1 15 «0031
4.01 3 -9 «030% 40063 4201 3 -9 «0079
14401 3 -6 0147 «0057 4301 3 ~6 «0070
4201 3 -3 0088 «0051 4401 3 -3 D064
6401 3 ] +0089 40043 4201 3 0 «0054
4401 3 3 «00BS «0034 4.01 3 3 20043
4401 3 [ =+0051 40030 4,01 3 L3 10040
s 4s01 3 9 ~e0394 40034 |1 4,01 2 9 20045
4,01 3 12 -40577 #0037 4401 3 12 20050
4401 3 1% —+0886 40050 4201 3 15 20085
4:01 s -9 20430 «0136 4e01 5 -3 20133
401 5 -6 «029% «0116 4,01 5 -6 +0122
4401 5 -1 #0227 +0099 4001 E] -3 00108
H 4e01 5 o 20192 «0083 4201 5 0 20098
4e01 5 3 0178 «0077 4001 5 3 10094
4601 5 ] -« 0018 20075 4401 5 & 20097
4e01 1] 9 -20341 20081 4401 5 9 20103
4e01 L] 12 -s0517 0081 4401 5 12 #0107
4e01 5 15 =+0788 [=20052 | =40733 20080 4e01 5 15 o5028 [ ~s034B |-¢004T |~0s0817 20098
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TABLE 1

-EXPERIMENTAL RESULTS FOR CONFIGURATIONS HAVING
JETTISONABLE FINS - Concluded

m [Bla B 1 a,
deg | deg Cn Cm G Cy Cn M dG' deg Cn Cm Gy Cy Cn
{m) Two jetiisonable ventral fins. {n} Three jettiscnable ventral fins

4201 -1 -9 =2 2200 20595 20010 «0099 4,01 -1 -9 #0517 20006
4,01 -1 -5 -¢ 1358 20015 «0094 4201 ~1 =5 20285 20007
4201 -1 =3 -+ 0589 «001S #0091 4eCl =1 -3 20008
4,01 -1 a 20178 0018 «0101 &aQ1 =1 [} 0009
401 =1 3 20986 0018 «0103 4401 -1 3 2 000¢
4001 -1 ] 21851 20020 40107 4,01 =1 6 0008
4,01 =1 9 a2083 «001% «0113 4001 -1 9 20008
4,01 =1 12 23920 «000% «0108 4401 -1 12 0005
4201 =1 1% 25246 |[=21527 +0007 40081
401 o -9 ~¢2201 20634 40008 |-,0029 +0020 4401 o -9 «Q004
4401 ] -5 ~s1367 + G394 20009 |-2002% «0017 4,01 b -6 =+0001
4401 0 -3 ~+0591 «0202 +0005 [~eCO014 20018 4001 [} -3 0003
4001 o 4] 0202 +0054 «0007 [=40022 20020 4401 0 [} «000%
4401 Q 3 +0994 [-40073 20009 1=,0017 20022 4401 ] 3 20007
4401 ] 1] ¢ 1845 [-,0299 +0007 |=~a20026 20024 4401 o ] 20009
4401 0 9 «2084 [=20768 #0010 [~20049 00027 401 [} L +0010
4401 o 12 +3922 -2 0059 «002% 4401 0 12 20006
4401 0 15 +5254 -3 0080 «002%
4401 1 -9 —e2175 -s0177 #0032 4.01 1 -9 ~s2183 00568 20001 [=20188 20034
4201 1 -6 ~s 1346 ~s017% «0053 4301 1 -6 -+13%37 #0291 [~s000% [~-e0149 +0032
4.01 1 -3 -+ 0569 ~s0173 <0043 401 1 -3 -e0008 |~s+0142 0023
401 1 [} +0227 -+ D158 +0043 4401 1 0 -¢0011 |=e0127 #0027
4201 1 3 + 0909 -e0139 200A1 4901 1 3 ~¢0008 |~40126 «0022
4o01 1 13 «1806 ~a 0108 +0038 4401 1 [ ~+0006 |-.0138 0018
4401 1 9 »290% ~+0178 240040 4,01 1 9 =+0010 |=40184 «0020
4,01 1 12 23968 -s0208 «0038 4,01 1 12 24003 |=412%0 [~¢0032 [-e0190 «0016
4401 1 15 25296 =: Q239 0051
4101 3 -9 ~22177 2 =e0505 20096 4401 3 -9 sQ&80 {=,0020 20089
#e01 3 -8 =-e1337 40273 [=40014 [=e0a72 10081 4401 3 -4 20212 }=.0021 «007é
4401 3 -3 ~+0571 =s0438 20069 4.01 3 -3 20062 «00bé
4401 3 o «0215 ~s 0408 2 0040 4,01 3 0 -s00565 20055
4401 3 3 «1022 -:039% «0049 6401 3 3 =-+0213 20043
4401 3 3 41909 -e0413 20043 4401 3 & =+0504 10039
4201 3 3 22949 ~40839 $00A5 4,01 3 9 =40982 20040
4401 3 12 3965 [-21185 |=40015 |-eO&AB 20049 4001 3 12 =s 1381 =40493 0043
4401 3 15 #5279 | -+1686 -a0500 20084
4501 5 -9 ~a2183 +0811 ~¢0799 «0170 4201 5 -9 0562 =sQ783 0154
4001 E] =% =s 1348 + 0395 —a0752 #0150 4201 5 -6 «0352 «0133%
4401 S -3 -+0533 $ 0221 ~+0TI11 20127 4,01 5 -3 «0172 ~e0699 «0114
4,01 ] [} 20244 «007% ~s0680 +0108 4201 5 [} «002% ~¢0087 «0099
Ad1 5 ] 11020 | ~40070 =s0860 | 40098 [| 4001 s 3 01076 [-40131 0685 | 40091
4401 5 6 01946 [ ~40387 -s0881 +0095 4401 5 ] 21989 | —,0434 | ~40034 | ~40702 40091
4401 5 9 02922 | -+0817 -e0G711 +0101 401 5 g «3012 | =40928 | =¢0032 | -<0755 40096
401 -3 12 #3963 | =e1171 ~e0749 20102 401 3 12 oA0hA | =01299 | —40035 [=40800 20098
4401 5 15 5317 [ ~e1858 —207%0 »20088

{o) Four jettisonable fins in X arrangement
4.01 -1 -9 —-e2422 +1078 +0012 +QL18 | = &
401 -1 -5 =a1544 20711 +001% 20120 | =40037
4201 -1 -3 -s0722 « 0434 20016 20109 | —40029
4201 -1 0 +0119 +0183 20014 20127 [ =e0023
4401 -1 3 20963 | =, 0055 +0015 «0128 | =40015
4201 -1 6 +1881 [ =,0403 #0017 00133 | 40003
4.01 =1 9 2289 | =1 0846 0020 20133 +0004
4401 -1 12 23987 | —4121a «0010 0122 20010
4401 =1 15 05296 | ~e1666 «0007 #0070 #0017
4401 1 -9 ~e2381 21141 <0006 | ~+0021 20017
4401 o ~5 |=s1527 | 40768 | 00002 | =s0022 | 0019
4401 [ -3 -+0709 20ABT | =40001 20014
4001 0 o «012% +0215 +0004 + 0016
4,01 ] 3 «0975 | =»0036 #0005 20019
401 0 .3 21883 | ~,0384 »0007 0022
4301 [} 9 22885 | -,0829 20008 0022
4401 [} 12 +3958 | -41208 | -4 0001 | =40070 20025
4001 o 15 25306 | ~e 1884 20001 | ~e0105 «0027
4601 1 -9 =a2396 «1089 20002 | 40199 «00A0
4401 1 -4 20718 | =4 0001 «0037
4401 1 -3 + 0424 +0000 + 0030
4501 1 0 #0157 40002 20029
4401 1 3 —+0092 20007 20028
4,01 1 [] ~+0410 40006 20021
4001 1 9 42929 | =.0897 + 0005 0027
4201 1 12 04024 | —412B2 | -40001 | =20229 20031
401 1 15 o5292 | 41708 | =40005 | -20255 20042
4401 3 -9 -a2389 #1130 § =,0012 § -40526 20147
4401 3 -6 -21538 20770 | ~s0019 § ~a0493 «0123
4401 3 -3 =-s0709 ~a0013 ] —4D462 «0106
4401 3 o 0139 —¢0018 | =40439 20092
4,01 3 3 «0968 -+ 0012 | ~s0452 +0082
4401 3 L3 +191a =+0014 | —a0475 20080
#e01 3 9 «2955 =+001B | =40502 + 0076
4,01 3 12 «3972 =e002ZT | ~e0542 «0091
4201 3 15 5290 =+0021 | -40552 20092
4401 5 -9 ~e2358 -s0037 ] =20%05 +0190
4201 L] -6 =+1501 —-+0035 ] =40871 20171
401 5 -3 -s06TS -20038 | -.0802 «0141
4401 5 [} »0188 —s0036 | ~40748 0124
4001 L] 3 01057 =20034 ] ~40719 «0113
4201 5 & 01786 ~a07A8 «0120
4001 5 9 «3020 -s0782 #0122
4401 5 12 edlhb «s0038 | ~40830 20134
4501 5 15 45336 ] =4162Z | =e0036 | -+0878 40132
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TABLE TIL -EXPERIMENTAL RESULTS FOR CONFIGURATIONS HAVING
STRAKES
MIETETen [ em| @ | C M [Blalc clc]clcn
eg | deg N m 1 Y | Gn deg | deg N m t v
(a) One starboard strake (b} One port strake
2437 -1 | =9 [-u3551 | «1078 | L0018 | 40217 |=~¢0024 i 2437 |-1 -9 21004 [ <0001 | +02%8 |-40027
2437 -1 -6 -s2189 «079% «0022 «0196 | ~00012 2437 -1 -6 {23 20007 20208 [ -40023
2437 -1 «3 [e,0996 | «0%60 | <0026 | <0168 [-40002 R 2437 (=1 -3 00533 | 40012 | #0146 | =40017
2.37 -1 [} 10391 «0233 «0029 40132 +0004 2427 -1 0 0190 «0018 +0136 ; ~»0009
2,37 |-1 ] 41596 [~40106 | 0026 | 40106 | 40007 § 2437 ]-2 3 ~40108 | «0011 | <0096 |-+0006
2437 -1 [ 1293) [=40400 «0033 «0070 40009 2437 -1 [ -+0392 «0019 20075 [ =+0003
2487 -1 9 44268 (~4s0643 | 40034 40024 0007 2437 -1 9 ~+0637 «0017 20048 +0002
2437 -1 12 15696 (-40928 «003T {-¢0030 [~40003 2437 -1 12 =-40921 40020 |=s0001 20020
2037 0 -3 |=¢3489 | ¢1090 | <0006 | 40025 | 40025 | 2437 [ -9 «1031 [-e0020 +0013
2437 [ <6 [~¢2169 | 40838 | 40005 | .0029 | +0029 I 2437 0 -5 +0786 |-e0021 20011
2497 ] -3 =¢0961 20614 40002 +000& 20027 2437 0 -3 +0568 1-.0013 20009
2437 0 4 «0367 | 0257 | 40000 |-.0016 | 20027 | 2437 [ [} #0207 |-40012 10008
2437 [} 3 «1637 |<20061 = 0037 20023 2437 0 3 =e0082 |=20006 0008
2437 o] 6 «2942 1=40351 ~s0076 20023 2437 0 &6 =e0380 |-00008 0010
2437 -] 9 ~+ 0630 -s0121 00018 2437 [} 9 =s04632 |- L] #0013
2437 o 12 =40911 =40180 | 20005 | 2437 [ 12 ~20921 | 40000 {-40136 | 20026
2437 1 -9 “s3543 01122 =s01%6 2 005¢ 2437 1 -9 =e3543 21052 |=20032 |~e0104 +0051
2037 1 -6 -+2200 20842 =1 0149 #0053 237 1 -5 ~+2186 20792 |=406032 (-40135 +0036
2437 1 -3 1-.,097T1 | .0802 -¢0180 | <0047 || 2,37 1 =3 [-+0980 | 40549 [-40031 [-e0150 | +0032
2437 1 [} +0384 « 0230 -«0158 «0042 2.37 1 [} #0351 00192 j=e¢0034 [-40175 « 0024
. 1 3 =2 0097 ~s0174 40038 2437 1 3 21681 [ =¢0I07 [=e0031 [=s0196 +0023
237 1 s ~40227 | 0037 § 2437 1 s 22927 {-c0387 |-¢0034 [=40225 | 20026
2437 1 9 24203 |-40657 ~20273 ¢ 0036 2437 1 9 oA328 |-40882 |[~40025 |=e0266 +0028
2,37 1 12 oBTTT |=e0955 -.0319% | 20020 f| 2437 1 12 25802 |=¢0973 [-40032 [~00299 | 40041
2437 k] =9 |-e3577 | 41047 |-40046 [=¢0510 3 <9 [=43526 | 41062 |=26052 [-e0458 | 20102
E] -6 |-2225% | #0810 ~e0681 3 =6 [=¢2170 | «0795 [-20051 }~e0438 | 40072
3 -1 |-.1028 | .0%%8 =40457 3 =3 |-.0961 | +0558 0045 [~20435 | 10057
3 [ «0316 | J0187 “s0440 3 [ «0387 «0045
3 3 «1643 l-,0118 20443 3 3 «1671 +0039
2437 3 [ «2970 [=s0826 =s049% 3 3 2993 «0041
2437 3 9 o4312 [=40704 ~s0542 3 9 *4332 40042
237 3 12 #6025 [«41063 [=00087 [=40603 3 12 6013 40044
2037 s -9 |~43635 | #1154 [~40084 [-40924 5 -9 |=-.36a5 —e834 | o0183
2437 ] =6 1=42260 | 40891 [~.0086 [-.0847 5 -6 |=e2254 -¢0799 | (0144
2437 s =3 =40976 | 20618 |=~s ~+0796 s =3 [=,0048 =s0774 | 20115
2437 s 4 «0346 20264 -+ 0759 5 0 0362 ~eQ753 0090
2.37 3 3 +1624 [=40058 [=.0091 [-40763 5 3 ~e07A2 | #0073
2437 5 6 23020 [=40388 |=-40102 |[~e0804 5 6 ~+0784 20064
2437 5 9 24337 |=40686 |=40110 |[=+0847 S 9 ~+0809 «0039
2437 5 12 +6383 [-41080 [=¢0130 [-40931 s 12 46211 [=40968 [-+0096 [=-e0832 | 40057
(c) Both strakes
2,37 |1 =] TEIE | <0018 | +0255
2437 -1 -6 «0017 20218
2.37 -1 -3 +0011 20174 |=20015
2437 |-t [ 40013 | +0138 [-s0007
2497 -1 3 +0012 +01CA [-20003
2437 |1 6 20016 | 40064 | 40002
2437 [=1 9 +0013 | 20030 | 40003
2437 -1 12 #0015 [-,0028 40001
2037 [4 «9  |-43567 | +0853 [~.0008 | 40084 | (0019
2437 [ =6 |=42227 | 40692 [-40009 | 40060 | «00ls
2037 [} -3 -+0978 20526 [=+0010 «0031 «001%
2437 0 0 40388 | 40212 [-4D011 [=40009 | 0013
2437 0 3 21857 [=a0024 140009 [=40035 +0015
2437 [ 3 42966 [-40298 [=40013 [-40072 | 40013
237 n 9 44322 |-40832 |+40007 }-40113 | 40012
2,77 [} 12 25056 [-40602 ]-,0009 }=,0162 «0011
2437 1 -9 |-43628 | 20857 }-.0024 [-40087
2:37 1 ] ~e2272 +0697 [-.0027
2437 1 -3 [=41005 | .0519 [-.0025
2.37 1 0 40367 | 0198 [~s0030
2437 1 3 «1668 |-00053 |-.0031
2437 1 [ 3012 1-20283 [~.0035
2437 1 9 4352 [=.0886 [-+0038
2437 1 12 ¢5917 [=20653 [-.0044
2437 3 -9 |-e3614 | 40838 }-.0048 «0105
12037 3 -6 0668 0082
2437 kY -3 20483 40062
2437 3 [ «01TA «0047
2,37 3 3 |-«0075 +0043
2437 1 6 22994 [-40298 «0041
2,37 3 9 44323 (=098 +0041
2,37 3 12 16045 |=e0702 }~40073 |-40573 | #0036
2437 s -9 [-+3607 | s09%0 |-.008S +0187
2437 5 -4 -¢2236 +0743 |-,0083 ([-,080% 30149
2437 s =3 |~¢09%2 | +0528 [-40086 [-+0776 | 40118
2437 s o +0365 | 40232 |=40090 [|=4075% | 10094
2037 s 3 ¢1644 [=40028 [-,0086 [-¢0750 | #0077
2437 5 & 23034 [=40275 [-40093 |=.0788 20070
2437 5 9 [ eA352 |-40502 [-s0104 |~s0812 | +0063
2437 5 12 <6404 [=,0726 |[-40119 |-+0875 | #0058
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TABLE 1T -EXPERIMENTAL RESULTS FOR CONFIGURATIONS HAVING
STRAKES - Continued

M | B]a c B 1 a

deg | deg Cn Cm G Y Cn M deq| deg Cn Cm [ Cy Cn

{d) One starboard strake (e) One port strake
2:98 |-1 -9 |-e2826 | ,0559 | ,0027 | 40207 |-40032 § 2498 |1 -9 |-.2812 | 40571 | 0005 | 40229 [-.0023
2,98 -1 =6 1-¢17%6 | 40380 | 40027 | 0190 |-.,0018 § 2498 -1 =& |-41731 | 40398 | .9015
2e98 -1 -3 [-.0811 | .0313 | ,0027 | ,0131 [-.0010 § 2098 |1 -3 [-.0783 | .0233 | o019
2498 -1 ) «0182 | 20278 | 40023 | L0124 | o000t [} 2e98 |-1 0 «0192 | <0282 | J0028
2,98 |[-1 3 ¢1119 | L0106 | J0018 | .o118 | o009 [l 2498 |-1 3 «1117 | +0132 | <0027
2,98 (-1 I3 02219 0149 | 40020 | <0067 | 20012 [ 2.98 [-1 6 #2197 [-.0189 | 0033
2.98 (-1 9 #3316 1-40342 | (0010 | 20017 | s0012 [ 2498 [-1 9 #3304 [=40303 | 0031
2,98 -1 12 24473 [<40537 | 0010 [-.0025 | 40007 || 2498 |-1 12 o 4457 |-40502 | 40027
298 -1 15 #3901 |=¢0807 | <0020 |=40073 [-20008 | 2098 |-1 15 +5838 [~.079% | 40028 |-e0004 | #0045
2,98 0 =9 |~,7846 | 40606 «0070 | 40014 [ 2,98 0 =9 |-.2811 | (0613 ]-~e0014 | «0OTC | +001%
2.9% | o -8 +0081 | o00ig [ 2498 [ ~6  [-41707 | 20438 +0036 | <0014
2.9% | 0 ~3 «0038 | «0018 | 2,98 o -3 |-.0811 | J03TE «0015 | (0014
2.98 | 0 0 #0012 | 40019 | 2498 [ o «C1TT | 20324 ~s0002 | +0010
2.98 | 0 3 ~¢0020 | «0021 {| 2498 0 3 <1117 | 20174 -+0018 | 40011
2498 | 0 & -e0082 | 40023 | 2498 0 6 +2202 0075 -e0038 | 40013
2.98 [ 0 ? =e0101 | <8020 | 2,98 0 9 +3281 -e0058 | <0017
2.98 | o 12 =e0137 | (0008 | 2,98 [ 12 adl2 =e0095 | 40031
2498 | o 13 ~e0150 |-a000B | 2,98 0 15 +5823 =e0126 | +0047
2498 1 «0611 =e0086 | 40037 || 2498 1 ~9 [-+2814 | 0618 -e0096 | <0043
2498 1 «0437 -s0074 | 40038 ! 2.98 1 ~6 1-.1695 | 0435 -e0110 | o035
298 1 «0377 ~+0091 | 40038 || 2498 1 =3 1~.0787 | +03864 =s§323 | <0030
2498 |1 $0312 =s0162 | w0032 | 2u98 | 1 O | Jb183 | J0n16 8024
2.98 1 «0145 40021 [-40109 | 20032 || 2498 1 3 <1149 | 0164 «0023
2498 3 =~¢0114 |=40024 [-401%3 | 40029 || 2498 1 6 «2197 | =s0115 «0022
298 1 ~40325 | =40022 [-40201 | #0029 § 2498 1 9 «3308 | -,0322 «0026
2498 1 ~e0527 |~+0021 1-.02%9 | 40022 | 2478 1 12 «4451 | -40520 10042
2,98 1 ~s0827 |=40015 |-+0315 | +0008 [ 2.98 1 15 05922 [ -e0814 [~00015 [~40258 | 40059
2498 3 00536 [-40034 [-40372 | (0079 | 2498 3 -9 40594 [ =40051 |~+0842 | 20094
2498 3 «0365 |-4003% 363 | 40067 § 2492 3 -6 «0404 |-.p043 |-e0421 | L0075
2498 3 +0305 {-,0038 «0053 f 2.98 3 -3 00331 |~,0034 (40420 | 0039
2498 3 20245 140040 <0081 ff 2,98 3 ] +0173 | 20270 [~40036 |=40409 | (0045
2298 3 20078 [=,0029 00029 fI 2498 3 3 «11581 | 40097 |-40031 |~¢0395 | J0031
2498 3 & «2241 [-40161 -,0042 +0028 [ 2498 3 6 02233 |=00152 «0026
2498 3 g +3402 |-.0390 |-.0038 +0C18 [ 2498 3 9 ¢3362 | -20354 +0024
2498 3 12 44592 |-,0592 {40041 W0009 [ 2498 3 12 44498 | -.0558 «0033
2498 1 15 26195 | -20925 [-s0046 -s0007 || 2498 3 15 ¢6040 | =o0B4T «0051
2698 5 -3 #0513 [-00060 [~s0862 | 40151 § 2498 5 =9 1+42913 | 40672 20152
2498 5 -6 40859 |-40056 |-o08628 | 40124 | 2498 5 -6 «0492 «0121
2498 H =3 |-.0831 | ,0395 [-,0063 |-,0626 | s030C [ 2498 5 -3 «0399 +0093
2,98 s [ ¢0202 | 40302 [-.0064 |-+0585 | +23075 | z.9a 5 o «0313 20072
2498 5 3 e1198 | <0119 {40067 |-40565 | #0057 | z.98 5 3 «0131 0 40051
2498 s I 02316 [=¢0117 |=.0063 [=40%591 | 0028 || 2.98 s 6 +2295 [=40095 {~40050 |-40891 | +003%
2498 5 3 +3451 {~40329 |-.0060 |-,0642 | s0028 § 2.98 5 9 23352 [ =.0298 [-40048 |=+0892 | »0033
2,98 5 12 28593 [-.0522 {-,0064 [-e0711 | 40021 § 2498 5 12 #4581 | ~,0522 [-40043 |-e0723 | 0837
2.98 s 15 +6594 [-a0975 {-40074 |-40795 | +0003 § 2.98 5 15 +5408 | =40906 [-40057 [~+0763 | <0051
{f)l Both strakes

2,98 |-1 -9 20379 | 40010 | 40197 |-.0028
2498 [~1 -8 #0263 | 40008 | #0179 |[-40019
2498 [-1 -2 20277 | 40009 | 40157 [-40013
2498 =1 0 »0273 | L0011 | 40120 |-,0008
2e98 |1 3 $0178 | 40015 | L0093 | L0000
2,98 [-1 & «2197 [=40022 | 0013 | 0060 | s0007
2498 -1 9 «3348 | ~a0146 « 0009 20028 +0013
2.98 -1 12 o4507 [ =40255 +0014 [=40010 20017
2,98 |-} 15 65970 |- 0471 | 20020 [~.0052 | .001s
2498 o =9 1-.2853 | «0425 [-.0013 | 40089 | +0016
2498 [ =6 |-41769 | 40325 [-.0006 | 40046 | 40016
2498 ¢ =3 [-.0799% | 40313 {-v0005 | <0033 | +C01a
2498 [ 0 00176 | 40326 {40007 | +000B | 40015
2498 o 3 #1125 | 40220 §-40002 {-40019 | «0016
2498 0 6 #2232 | 40026 |-.0004 |-s0042 | (0018
2498 0 9 #3332 [=40105 | 40000 |=40072 | 40019
2.98 ] 12 24501 |~40222 [+40003 |=40104 | s0018
2498 0 1% +5987 |-20485 | 40003 |~s0154 | 40020
2098 1 =9 1=02848 | L0416 |-,0023 |-,0075 | +0037
2499 1 -6 [=¢1737 | 40303 |-,0015 | -400B% | 40030
2498 1 =3 |-.0778 | 40297 |-+0018 |-20096 | #0026
2498 1 0 00202 | 40306 |=40020 |=s0110 | #0022
2098 1 3 #1135 | ,0201 [-40020 |-40126 | ,0020
2498 1 & «2248 | 240008 {=,0021 [~40155 | J0020
2498 1 9 #3373 1-.0138 |-.0022 |-.0179 | +0021
2098 3 12 o8520 1-,0255 1240025 |-40221 | +0023
2498 1 15 26019 |=,0505 |-.0028 |~.0267 | #0030
ze98 3 -9 [-.2954 ~e0363 | 40079
2498 3 -6 |[-.1800 -e0355 | 40040
2498 3 -3 |-.0837 ~.0382 | s0048
2.98 3 0 +0154 40351 | <0038
2498 3 3 .1178 40342 | (0026
2498 3 6 «2247 -e0353 | (0018 -
2498 3 9 23411 =s0376 20012
2498 3 12 +4567 =2 Chlh 20019
2498 3 15 +6230 =e0465 | £0023
2498 s ~9 [-.2951 =e0654 | 20143
2498 s -6 |-.1814 =.084% | #0115
2498 s -3 [-.,0819 ~e0432 | 40093
2498 s 0 | 40188 | 40297 |-.0080 | -40810 | s0088
2098 s 3 «1209 1 40157 [ =40077 | =40%91 | 50086
2498 5 s 22328 | 40013 [=.0068 [ -+0595 | 20034
2498 S 9 ' +3409 [~40115 | =.0069 | =e0612 | 20030
2,98 s 1z 24665 1-40237 | -.00866 | -c0858 | +0032
2498 [ 1% 26587 [~40Q556 140090 | =40886 | 20022
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TABLE IO -EXPERIMENTAL RESULTS FOR CONFIGURATIONS HAVING
STRAKES - Concluded

M B & cx | cm| & | C |G| ™M[B[a]on]c c‘clcn

deg|deg | “N m i Y n deg| deg N m t v

{g) One starboard strake {h) One port strake
4001 |-t -9 40262 | #0015 | #0117 [-20018 |} 4401 }-=1 -9 |=e2262 | «0212 }-4000B | 0170 |-e0017
4001 |-1 -6 20116 | «0015 [ 00127 |-40014 § 4401 -1 =6 |-21392 | 40084 {-40001 | 0143
401 |=1 -3 «0110 | 40010 | 40120 {=20011 g #s01 |-1 =3 |-40836 | <0073 |~40002 | #0121
4001 -1 o +0149 +0005% 20129 20000 401 -1 ] «0147 +0001 #0101
4401 [-1 3 40226 | 40009 | 40113 | 20068 J| 4s01 {-1 3 40931 +0008 | 0081
4:01 |1 [3 20151 | 40005 | 40072 | #0022 § 4201 |=1 [3 1828 40009 | 20087
4401 |1 9 ~s0070 | 40010 | 40035 | 40022 { #4401 (=1 9 +2802 20010 | +0083 | <0027
4401 -1 12 0142 | 40002 [=40009 | 40019 || 4401 |=L 12 s3788 40009 | «0038 [ s0082
as01 1-1 15 45029 |-40359 | 40002 |-40067 | 40007 J 44b1 |-1 1s #5136 0002 | 40004 | <0047
4401 [ «9  |=,2276 | 40297 | 40009 | 40008 | «0013 [l 4401 ] -9 [-+2238 =«0017 | «00538 | «0008
4,01 0 b [|=+1380 | «0150 [=40001 | 40008 | #0012 |I 4201 -4 =6 [=+1340 | +O118 |~40017 | +0024 0004
4,01 [ =3 [=40607 | «O0l4s | 40001 | 40019 | 40014 [i 4401 [} 3 |-40607 | 40112 [~¢001& | «0002 | +0003
4,01 ] ] 40180 | «0182 | +0004 | 40009 | 40017 f 4201 o 0 20180 | 40144 [-40011 [=¢0008 | 0008
4s01 0 k] 20948 | 40252 | 40000 [=40005 | 20020 @ 4201 [ 3 20911 | «0220 |{~406008 [-+0030 | 40007
4,01 0 ] 4184% | 40183 {=,0010 [-40044 | 40022 § 4401 L3 6 21810 | «01B1 | 40001 |=e0032 | 20007
4401 0 9 42822 |=40034 [~40001 [=+0099 | #0014 [l 4401 0 9 +2605 =»0060 | 40015
4401 0 12 43812 [-+0108 [ 40011 [~40140 [-40002 {| 4401 0 12 «3796 -+0088 | <0025
4401 0 15 «5063 [=40249 [-,0004 [-40189 1-40012 || 4401 0 15 «5095 [-e0354 -20109 | «0033
401 1 =9 |~e2250 | #0295 | 40000 20036 § 4401 1 =9 ]-e2249 | 40258 ~s0087 | 40035
4401 1 ~6 |-+1367 | #0140 |~40004 20032 ji 4401 1 ~6 [=a1368 | #0115 ~20105 | 40025
4001 1 -3 |=40595 | 40141 [-a20012 20028 || #e01 1 =3 [=e0615 | 20097 -10128 | 40021
4e01 1 0 «0176 | »0166 [-20005 20025 | 4401 1 4 <0177 | o0122 ~e0142 | «0016
4401 1 3 40968 | 40223 1-.0024 {-40123 | 40021 [ 4.01 1 3 20934 | 0179 =s0148 | L0010
4001 1 [ «1835 | 40165 [~s0027 [-40165 | 40019 § 4401 1 6 «1827 | 0108 =10155 | <0005
401l 1 9 42838 |-40084 |=a0025 [-40206 | 40011 f 4401 1 9 +2821 =+0183 | 40010
4401 1 12 23838 |=40166 [=40024 [-¢0245 [~40012 [j 4401 1 12 +3818 -40205 | #0015
4401 1 15 ¢5117 l=e0445 [-40024 [-40316 [-40019 jl 4401 1 13 #5161 -40220 | #0035
4401 3 ~9  1-42278 | 4021B |-40015 «0062 || 4401 3 -9 |-a2297 | 0220 ~40379 | 20072
4,01 3 -6 [~+1383 | 40101 20055 i 4401 3 ~6 1-s1601 | 0076 -+0373 | #0052
4,01 3 =3  [~0835 | e0106 +0040 1§ 4401 3 =3 |~.0618 | «0081 -s+0382 | 40038
4,01 3 0 20165 | 40158 00028 | 4401 3 [ W0166 | 40129 -+038% | 40020
4001 3 3 40951 | 40221 40017 || 4s01 3 3 10933 | J0lew ~+0369 | 20005
4401 3 6 <1871 | 40108 20009 [i 4401 3 [ 01834 | #0069 ~40383 [-20001
4401 3 9 42829 [~40158 40003 [f 4401 3 9 02774 |=40171 -+0388 | +0003
4401 3 12 «3860 1=40261 =20003 [I 4401 3 12 «3841 |-40302 ~s0411 | 40013
4401 1 15 «5298 1=i0442 -40001 { 4401 3 15 45257 |-40509 ~s0448 | 40035
4101 5 -9 40268 20129 | 4401 S ~9  |=42307 | 40319 ~+0681 | 40110
401 5 -6 $0177 20105 | 4401 s =6 |-s1424 | s0192 |-e0665 1 40081
4401 5 -3 ¢0179 | 40036 [=20616 | 90087 | 4401 5 =3 |=.0614 | 20163 +0058
4401 5 0 40212 | 20041 [=,0595 | 40068 | 4401 5 ° «0158 | #0183 +0041
4401 5 3 +0289 | 20027 [=+0583 | 40053 | 4401 5 3 +0965 | #0219 =s0614 | 40027
4401 5 [ #0116 | 20040 [=00606 | 20045 F 4401 ] [ «1869 | 20075 [=e0615 | <0024
4401 5 9 +2854 [=40095 | 40045 |-a0655 | 40044 [ 4401 5 9 02832 [=40116 l-s06as | 40028
4401 5 12 23902 |-+0183 | .0043 [=a0696 | 40023 [ 4401 5 12 +3868 1-40237 l~e0630 | #0028
4401 5 15 ¢5491 [=40492 | 40042 [~407B7 [-¢0006 [ 4401 5 5 45839 [-,0586 [~¢004A [|-40701 | 40028
(1) Both strakes

30T T =T L7364 | «U05Y | U00B [ +0148 [-0020
4001 =1 -6 Fel4l7 1-e0014 +0006 +0124 [-s0021
401 |1 =3 Fe0B3& | «0036 | 40013 | 40119 [-0017
4501 1 [ W0147 | 40123 | 40009 | 40096 [-40008
4001 1 1 40948 | 40256 | 40013 | 40090 | 40002
4201 1 & 41879 | 40243 | 40007 | 40068 | 40014
4001 1 9 +2852 | 40115 | 40017 | 40026 | #0020
4,01 |1 12 «3877 | J0112 | 40017 F.0001 | 40027
4001 |1 1% 45208 {=40083 | 40015 [s0045 | #0021
4401 0 =9 [-e2315 | 40105 ] 40004 | 40031 | 40006
As01 [ =6 |elkls | 20025 | 40004 | 40013 | 40004
4201 o =3 [.0b&4 | #0056 | 40007 | 40005 | «0004
4201 0 0 +0162 | 40139 | 40004 40009 | 40009
4001 o 3 40949 | 40264 )] 40001 }e0027 | 40009
401 0 6 21867 | 40250 | 40006 (40053 | (0012
4,01 o 9 +2B60 | 40139 | 40009 40011
4,01 0 12 43903 | 40141 | 40007 +0009
4,01 0 15 «5205 [-40079 | +0004 [+a0167 | 40007
4001 1 =9 |e2344 | 40102 40003 10031
401 1 -5 40009 |-40002 20027
4401 1 -3 20028 |-+ 0006 +0022
4401 1 0 00129 120004 +0016
4201 1 3 20230 [-0008 20012
4401 1 [ 20233 [-40010 20007
4401 1 9 »0065 [=40012 10006
4401 1 12 20049 [-40010 «0002
4001 1 15 25289 [20143 40018 «0009
4,01 3 -9 40035 10030 20086
401 k] -6 e0023 }-e0027 40049
4,01 2 -3 00032 [e0027 40035
401 1 [ 40123 }40029 «0019
4,01 3 E] <0196 Fe0027 +0005
4,01 3 6 40157 }a0028 +0001
401 k) 9 «0003 [-40038 40000
4001 3 12 40063 [40030 [#0437 | 20004
4401 3 15 40220 [0041 [40304 | 0017
401, |5 =9 k42359 | .0095 |.0045 Fe0859 | s0106
4¢01 s 6 [e1439 | ,0049 F,0042 40843 },0082
4401 5 =3 40595 140108 F.0040 Fe0639 | 40083
401 H [} 40176 ]40178 Fu0043 Fo0835 | 20047
4401 5 3 <1003 | .0246 [.0045 Fa0802 |»0035
4401 5 [ «1974 20163 Fe0057 pe0611 [.0030
4001 5 9 [ e2977 | 40042 [F.0055 [aObké |20034
4401 5 12 44078 | »0007 40052 eDa66 | w0027
4401 5 15 #5777 Fe0266 [40058 PeDT19 | 40006
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Figure 1.- System of body axes with arrows indicating positive direction
of angles, forces, and moments.
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— == AN
—_— e — 4._\A _)__
] i
No fins One 15° wedge ventral fin
———— 7 ’i\ T ,’t\
——— - - —_— —

8eT-1

One ventral fin

Three ventral fins

\ <
=== N\
- =+ X 90°
== N\ /
| P,

Four fins in X-arrangement

Fixed fins. Jettisonable fins.

(a) Various fin arrangements.

Figure 3.- Various directional-stability-improvement devices used in
tests of the X-1E airplane. )
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(b) Strakes.

Figure 3.- Concluded.
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Figure 5.- Aerodynamic characteristics of the X-lE airplane with and
without fixed boundary-layer transition with no stabillity-improvement
devices. Flagged symbols indicate fixed boundary-layer transition
data.
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Figure 5.- Continued.
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Figure 5.- Continued.



32

L-188

W uatoreos Juewon-buiymtg

Ny querargaco saxor-Tewoy

m ge3 {25 5
B NIV H 4
a //,/xr | .& /
N o
|
W o
m | \ o
|
z R g © 5 5 ST g » E 5 -
U5 *wrarogyecs jewrom~Huimg 5 15 “ua10111800 WBWOW -PUTTON A5 uaTomTe0s sosop-apig
ots o Lv | INEN
[T | )
ul 0 |
AN, —+ -
| ] | | : | ”
: ; /mv [ & t : mﬁ M
d u 4| A M -y
! Ll L Ll
@R I 7 I =T S <

B, deg

3, deg

(v) Concluded.

Figure 5.- Continued.



33

5F

3, deg

ona

|
==

e
it

ng\m
G—4

Wry ¢y 01Feod Jusow-butydid

88T-1

T

; : ,HWH, ¢ o
3 3 8 g ° 3 g °© 3
ll L}
:U fJUBTOTFSOO JUSWOUWT-HUTMB T NU ‘JUSIOTFR0D JuSTIOuI-HUTTOY
: ‘MM v
o
_
o
« ™ -t © el « « = «
L} ¥ 1

T H | Il
NS .
€ % | w

A
g
\ _4 ~
BT i
(T T T
| iy J:Sumuwn.u.u muno?.mcw..m _.
T .
f/wy w .
/5/, W ,
N
o
L i
Lk

N5 *just1ogzeos aa10]-TeWIoN

o, deg

@, deq

(¢) M = k.OL.

Figure 5.- Continued.



3L

1-188

7 o )
v %08 N TN
P e AN g
i ond ! / ! ]
\ / ’
! ' B ,
) £ .
L
LMNL
, ,
7] °
| L o
3 3 8 8 ° 3 5 ° 3 - - o'
[ f ¥ v s
Uy ‘pueogyecs juemow-HuTAe ) Iy “qusromaos uaw o -Hurroy ».o “UBIDTFA0D BVLOP-IPIY
! | | N )
; . , N ” T
,ﬁ ﬂw ] T ,,_
i " [ !
! ,_" “ M
K ,N._ ! , \ | T |
P S W, : “ ] W 7 ,, .
IR b | | !
W e Y 3 B Sy L
RS 2t , : , o
T | I
i .
2 - o 4 5
Y N O | | ﬁ [ 7 N
2 o1 - e - o “ o) B E e -
L} t 1] 1 1
Wy us 10177900 JUSUWIOUI-BUTUNTG N ‘yusroyzacs sozop-remaoy

8, deg

8, deg

(c¢) Concluded.

Figure 5.- Concluded.



35

*BIBD 3593-qUYITTF JJo-Iamod quassadax sTOquAs PSTTTL *S90TASD
FuswSA0IdWT -4 TTTqRIS~TBUOTIOSITP OU Y3Ta ausTdaT® HT-X Y3 JIOJ £1TTTgB]S TBUOTZO9IIQ -9 2uanITy

R

200~

w
|
|
10%9 (e
e

o°¢ | h m”/ ‘ . Y9
200"

7

T *Jo¥ m SLen
1899 quUssadd

SJASH wouy e1ep @
*Tqdun cwrread{ O |

8eT-"1



36

L-188

..,aa” ow & 5 . r
¢ o B d [ ] .
Plo ¢ ;
b i ]
! I L | )
| AL 19 1 R
g 5 5 5 w i ®
V
« ) [=N] ~4 ~— i _ _ n-ID.
=) S 3 g o 2 - o - e « !
Un uatoTfacd judmom~buimes ! ~ N v k ¥
@ b < < 25 “quetoye0s 92105-3D18
NO “UBI21Fe0D Juawow ~HuTToy
» =g
- | -
K e
a\m% UB/TJP J )
| - _ !
_,“ = W ] D/ @
| - _
L] _ %Y 1_L _ . — ] * _ _ _ » o

<
)

W~y 81017900 Juaow~Butydjid

= g p B

Ny ¢3u910131900 80101~ [RUIION

A

a, deg

o, deg

(a) One fixed ventral fin.

ixed-

T

ing

X-1E airplane hav

2.37.

.- Aerodynamic characteristics of the

Figure T

fin arrangements at M =



37

.04

o p ®©
L% gon
) 2
¢ om0 NN
N )
\ J |
| / )
e 3 3 i 5 - o -t ™ Su
Uy ‘quaozecd Jusmow-buime 5 ' - . 2. v ’ v
2 ° T 2 A5 qustomeos soucy-sp1g
Iy “uetoize0d juswow-burroy

H / < £ -

A [ | | | ! |
i ’ ' - «

! L _ 1 | I |

[T | | T

IR ] | ) )

(DS I |

i | i (_\
17 7 | I

e l I ]

_ | .

= 1 o) — B S ® o | - ~ s o o0

W us o o0 Jwemow-Buyitd

8811

Ny ‘Justoza00 22005 [RULION

8, deg

B, deg

(a) Concluded.

Figure T.- Continued.



38

L-188

. . T .
o : =1
5 3 ow [ _
a |
o 2 o | o b | o
/ V 1 @
i - !
f ; , ]
B 1 13
EPANP . T :
A1 . ,
§ . t
4 % ° | o b :
- |
Ik © o 3 5 &
| ﬂ m
. . | J | .
= = “ < © < = @ 3 — o -4 © «
] _. g
Uy quapoyzeod Jus oW -HuIme s v v ;
I “usrotryeco usmow-puirioy L5 “us1omIens 80.10p-9p1g
I | ﬁ o
; jio .
: L~ //m o
.\\n\ : + . \/,,
P | | i
\J\ i
\[ 4 //ﬂ/ o
: ' i i
i | |
. 1 . i T i T //_r
I w !
I R , 4 ®
| |
I
| i I | | ©
" - = - B o < < EH [3) 3 <
[ r ' ! h
i Bin ¢ , S5 O1m T
Wy “qustoreos uswiom-HuTtd Ly “werorgeos enzop-rerwaoN

a, deg

@, deq

(b) Two fixed ventral fins.

Figure 7.- Continued.



59

- 1 T | I T
3 o P i i L :
; i ~ i
° ono N N \ W \W‘ \M \
: ; ; ! \ . !
N | ] /
: l/ rﬂ h :T‘
; \ ,\\, : \\ )
H 7 g i
\. / ‘
N %ﬂ
T o L
3 8 & 8 © 3 3 ° = - ° - o 3
Usy ¢ quatorzeod JUSTIOU-PUTARL . ' _ _
15 quemnyson Jusmour-Hurroy A “|USTOTIA0D 80I0I-IPIS
| | _ !
® T ¥ Y 7
- o B I
,, i . J I —
RERSIN i
, =5 , i ¥ % T
] | ﬁ [
m o % | B |
\ﬂ, 4 | H H | H, | ; H
T ] 1 T ]
oo 5
3 =] _ - S _ - _ B & = g = B =) o Aﬂd
' ) ' ] 1
Fy JUB TOTFO00 1USTLOW-BUTYid Mo "warergace eniop uRON
8811 .

B, deg

B, deg

(b) Concluded.

Figure T7.- Continued.



Lo

L-188

) A
5., HE
iy 1
i oo 0 Q; 8 o) a .
K Ay Bk
1
i 18 s
] V. .
4 0 Bk RIRLEE
g 5 W 5T a 5T i
| !
_ o
g 3 5 3 ° 5 3 ° 8 ~ ° - o -
Uy uetoyieod juswow -pummex ! ' ] v v
o “3uerogzecs juamow-fution A5 ‘qustogzeco BoI0p-apIS
2
“ Jic o -
W /Ju/
)z M
: i o
| el o
r\\ﬁu\\ | /Q/
g k, W %
: M f ,,
|| | _ N N N T N | @
o) 3] — [} — [ [=+) w0 S 5] ) B =

ey Guetoryecd jusmew-Suryotd

N5y “ustorgeod soaoy-remaon

a, deg

a, deg

(¢) Three fixed ventral fins.

Figure T.- Continued.



L

6F

Pz
¥

.04

e
<

o
<

Uy uatoygzeocd uewoul-buunex

—
(o3

[=]

=

.

4

-
<

1y “ustoyyecs Juewom-Buroy

Semameed ]

S " ——_

A {—1] I —— 1

o3

—

[s)

-
)

Wy quetpipace yusmow-hurgoyid

88T-1

©

4
<
)

O

An fqustoTIe0d 90105-9p1S

-
'

]

)
H}

1

m—-i—

A

N5 “qusorgeos sa10p- rewizon

o

<

-2

8, deg

3, deg

(c) Concluded.

Figure 7.- Continued.



bp

L-188

4 2
| 5 oo
| oo ;oo o | g R
|7 w ﬂ | w i
[m}
ARD L1 ] }
7 W 1
e , i , i 1 —
i ; ¢ 1 b
d , 5 b | © 5 5 7
, L1 | o
& 8 8 & © g g © & - o - & .
Ury “quatole0d JuauIont-buime 3 ! ' ’ ’ v
5 quamigeco juemow-buIoy £y (qusIIEIA00 A3.I107-301
ﬁ |
+ + ,\.ﬁ; T A D!/ . e}
| LA RN |
)\R_ _ n//P L.
\ﬂ\\t | | //Lf |
1 | |
= i BN
= 4 | , Ak
| : m n : :
I i A * T
= B # ..r T - _ L ™ o ) ¢ 5] : <y : ,_ ! Vw

Wy ¢ uarormaco

pwom-Huryd g

Noy cqustorgeoe aaio]-TeIloN

@, deg

o, deg

(d4) Four fixed fins in X-arrangement.

Figure 7.~ Continued.



b3

j j I T T T T T T ©
g |
L B oo = 2 > rre] }
; 1
: N Vi T
X ond / \
4 _ /! )
i }
j b - H ,. ﬂ\f\
! H ! /
/ BN/
' 7 o
k\u i
i7ad
srk\ ! ‘.\
, & ” H e
, & £
- — o
z 3 5 3 o 3 2 o 3 - o - . o
. ' ! ’ ’ v v
U
O "us1013300 amom-bume & NU fIUBIOFIS00 Judwow ~Huroy
25 ‘UBIOIIS0D SOITFIP Y
_ 1 T T T _ ©
= < T N — 2 W
H : / : | 4 i
| | f ,
7 T =
H = , h W >
[ [ | | [
| ] )
H | \ i A
(R 1
J | |
l L ! .
| [ M l
& e - 3 - ) 5 &) = _ w © E <
) ' v 1

0

W ustaiand justuow - BUTY S

8eT-T

\} .
Ny quar

133900 A0 0]~ TBII0]

8, deg

3, deg

(d) Concluded.

Figure T7.- Concluded.



Ly

3 .04 T T ;
B, deg
o 0
o b
a2 .03
g
p— — O —_— .}
g £
© g
- (%
?, 1 o % 02
5 0
3 ‘\0‘ | 5]
% “Q\ﬁ g 3]
[+] @
5] b\ﬁl 8 \I’J\
2 0 - g o
@
L
: o g S
i u\ & T~
& . j > o o0~ o—p—ot oH4o—3
5 -
= B
i B ,
BEEEE 8
-8 -01
i)
-3 £ o
Q
g
bl
]
8 ; o oo lo 9070 0¢~0
g
g -
5 C""’C'_‘-D__T_{)_/{)/ -
6 -.01
/’ 3
& 4 A 1
o
g 7
il
s 2 > o
g 7 & 0t o—o—e— o
e pis
5 S - |
0 .
7\1 4 % D_"D/D"W“D‘ O
£ 0 o -1
Q 3
a @
131
SR S [
&
1
4 ;
-4 ﬂ/ & -2
-4 -3
-1 -8 [¢] 8 is -16 -8 [« 8 16
a, deg a, deg

(a) One fixed ventral fin.

Figure 8.- Aerodynamic characteristics of the X-1E airplane having

fixed-fin arrangements at M = 2.98.



k5

Y =]
[«
¥ cow -
ol - L} —
o 1
ono
| q w/ -
. / / /
o
R L4
ol
3 8 3 8 ° 8 3 o g - © - o o'
1 1 ) 1 L]
Uy “uetonzacs jusmom~Summe ) 15 ‘yuetorec juswOn-BUTTOE A9 “ueroge0d S2I05-apIS
O
T J (A
; |
f , i ~
# L J | |
Stz A, 7
T £ H |
_ L 5 L |
4
| i
i S £ =
, | _
= S ~ S — o1 n 3 g = G o & =

Wr ustomye0d judmow-Buryoyid

g8T-"1

Ny “3ue1omye00 2010§-TRIIION

B, deg

8, deg

(a) Concluded.

Figure 8.- Continued.



L6

L-188

g » p =
R 1 !
o X & P
oo % o d
| Pl 1 3 T )
t £ ﬁ“,\ i 3 = ©
| IR L & LG
! ol \
AT ﬂ NE
4 ‘ : %
a [6) 0 o !
Il
, ,
& 5 : = __ W ©
T B = 7 = = =
2 8 & 8 3 S 2 8 - o - o m '
Un o
0 ‘usdyzeco FmEoE:wﬁ?.m.w NU fUBTOTIIOD JUSUI oW ~DUTTIOT mro B Iecs BoI0p-2p1g
| e NI ;
! e N
m i , H /D
W i ﬂ\ I o
| | p {
: d O/./
o " : o)
& ! ; /0 : ©
= z
s
,ﬁ ﬁ i . )
| ﬁ ' /AU !
| I 1 ;
_ i | ,
i : £
3 S = = = G B o @, < = —, =2
I i ( v v

Wy usoIgRce WS- BUTMLd

Ny «qusrorzeos sorop-rerraon

a, deg

a, deg

(b) Two fixed ventral fins.

Figure 8.- Continued.



k7

a, deg

-9
0
15

a
S
e
L

&

.04

¥ =]
< =4

03]

Un “uerogyacd jUsWom-~Hutme s

-.01

o
<

-~

1

e p— 1

¢

b—p—-
A

- —

B - © -
1]

W usrorggeos juamom-BUDILd

QgT-1

_ I _ ®
\W
7 | ,,
U \
i .
) (=)
[}
© o - © - o N
1] L} ] [}
Iy *juerorye0d wewow-BuToN A5 “ueroggeco 30107-8pIg
— 0
=
W i _. w
4 + T } -
[a)
, “ .
% I |
1] 1T
] |
b, & &
o~
o =l Bl = G h

No “qusramgeos sozop-remaoy

8, deg

B, deg

(b) Concluded.

Figure 8.- Continued.



48

1-188

mg. ﬂ%
< ]
o K%
S

/%

"SIt

@ = )

I B

S ] 3 3 e

Us fueriTgecs jusmows-funme s

-.01

N

/

<

! S -
)

Wy “qustorgeco Wamoni- Uity

3
0 -
b L ]
] o]
3 al;
11 1 g
1_. H + B o
9 2 P | M
1 m y
7
4 w0
& il g ?
| .
2 ° a3 - ° - e o
1] ] L} 1
5 werogye00 uewow -HuToy A5 fjuetonroos anI03-aptg
it
Ny
=N
v /D/ -
/0,/)
f = ©
| /F ®
: []
| || .
@ ) e Gl S = <)

Ny “jueroreos 2010y~ TewiioN

¢, deg

@, deg

(c) Three fixed ventral fins.

Figure 8.- Continued.



49

TF

T ©
¥ = M _ | £
oo | / / \ \
I | / \ . \ -
i I / /_, \ ~
. /
¥ 0 :
| | |/
1 o m \;\ o
Jw % S
3 3 8 3 © S 3 @ 5 - < — o 39.“
) 1 L} . t
"0 uaro15900 Juowom-pute 1y “quaronzecs uewom-Humoy A9 'yuetotgeco sozop-apg
_ | )
T ] : =
L | | %
d 7 | ! _ =
] i A .
_ T W T -
e , | I
s — T
| | H ,
= 5 <
| 1] ! ! I
| |
L] 5 - L !
! | | | | |
g . o) - R o x “ ! o« [S) B <
’

"o uetargacs juemcu-Suryoirg

8811

Ny “uerorgeco aszop-permioN

B, deg

8, deg

(¢) Concluded.

Figure 8.- Continued.



50

17 il 17 )
B I I oy 8
PY 0| R ik
71 T 1 1L —
_ g b -
A K 4 R .
o e AJ, 0 [ !
e || s 2
3 8 8 3 g =) 3 - @ - 4 4.
U5 “uetomzecs jusmoui-buiael 15 ustonece justom-burmoy A5 “ustonreco 8oI0f-8pIS
5 /// 5
pa o .
" ¥ S
e N
| _ | Aﬁ °
| A ‘- e S
i g N
A,
7 n,u. = _ o & _ q_u ) < = 4_ | « © g

Wn qustorgecd juswovl-burpitd

Ny “1us10113900 20105~ TEWLION

-2

-.4

o, deg

o, deg

(a) Four fixed fins in X-arrangement.

Figure 8.- Continued.



51

. v r I I T T ] [ “
o ! B 1
k] & O W o 2 H ; “)9
B P Bae+1 i / = N i 1
¥ : |
L ocd ; / /. / i ; \ <«
| 1 T ; y
N Vil Wi
,4 5]
//; | \\ \ i
% V‘
i i °
iw/ & /
pip e’ T A
i !
- <) © — (o) -4 — [) . -t [& n/_u
) g 3] 3 3 2 =) - - o ?
: > 1 ! K 2
Ui copzgr A
O “ILATOIS0D JUSWOW -HUIME 15 us1orye0s Juswow-Bumon 4D “uLTImIe0d s0Ior-aplg
M | [ T _ "
R y
! ! ; i
+ } } <
- B |
| ﬂ 4
P ﬁ ) T ”
i ; , ‘ 4 4 ~
_ i R w N 4 _ i
I H H
i |
— = ¥ = 7
] ; g [ L
M & N H H
&0 e ~ © -t B = @ < - % @ o =
0 )V ' . v Vv
D “aueizIIeoo ueruotI- urgoyid Ny “ustsmans sozor-remson
" .

88T-1

B, deg

3, deg

(d) Concluded.

Figure 8.- Concluded.



52

3 G4 T r
B, deg
R o 0
O 5
o O -
©
N SR I L - -
v 3
15 a1 2 .02
3 b
g 8
+ i [ad - — o
o b =
8 i L Y g t]
g o} g g .01 L]
SR S I SN & | - )
5 ) g i
& 1 3 e
5=l s A (S man I 1Y O 0—0—q3
s - 2
&
-2 -t -01
5
-3 4o
2
g
8
3 2 ! O Ay e,
g “ir—o
g
L — - 2 Pt —f—n L
g O=HT=—3=17
o
b=
S = -.01
&
p— ——% 4 S Il
z
° 4 / 1
& 11
G )
g / —
g i
8 L J > ~ ~
] (8] 4 [9Z Y] o o ——3—0
: e
i L [ S b L .
4 / 5‘3’ o - O O—g—)
§ 5 SO S I § I N
o 8
- [ g S -
8
-2 o e H -2 b
-4 -3
& -& 9] 8 18 -18 -8 0 8 16
@, deg o, deg

(a) One fixed ventral fin.

Figure 9.- Aerodynamic characteristics of the X-1E airplane having
fixed-fin arrangements at M = 4,01.

8811



25

w
(=
@ [ N e o]
N 1 - =
3 N
ond I
i -
W | / /,» \ |
i R .
V] |
LA 7 ¢ °
I I\ |
T uos
o™
~ @ ] —t (=] — —t o - (=] '
5] < < < < < ] h - o ]
] ] ' ) 1
Uy fquetomyecs juswow-Hutme § 1y fquaronreco jusurow-BUITION ) ‘JUSIOFB0D SDU0J-8P1S
1 T Eel
| i
o 9 e
IR | é
|
T ! 7 -
Lo , | & I
Nl | T
P ! |
| # { | , o
H H i _ | 1 h
IS — 3
I m o
| ! H
w, ‘_J f i y
A== ﬂ,\ |
| I o
o3 3 — S — B ™ £ © <« ~ o ] '

w

D FJUSTOTFR0D JUDWOW - HUTYNT

88Tl

Ngy que10133900 90I03-TRWION

-4

B, deg

B, deg

(a) Concluded.

Figure 9.- Continued.



54

L-188

r el
o e PO i -
3 ow /5 1. [ ]
= i [ T ¥
0 L [ i
° T WW G 2 w
o 9 q ¢ 7
o : q
/ M | il L
\ﬂ ? d 3 U = =]
1 = -
R /] o] |
Y
5 3 S 5 ¢ ¥
| | o
< x oy -t ) — — < — o 1_.
g 8 g 8 3 = 3 - - w 3
1] 1] L 1 1
10 werogse0 Juswmom-burmes 1y “wenmrecs jusmow-buroy Ay “usrotgeod 02105-9018
[ie]
k\wr @f/
& , —S
m\ | ; | .//U/ i
' T H =<
C | g i
4 N
7 T ,
4 | .
] - %@
o H 5 V
|
i
| o
n,u. i .Iu < 1|w oL n(u- 8 nnu. :H“ Um < ol Au-

¢

Wy quaramyeco WeWOoW-buyoiig

ZU {JUBTOYIB0D BOI0;~TRIWION

o, deg

o, deg

(b) Two fixed ventral fins.

Figure 9.- Continued.



25

T 1 1
2 ‘ * : # m ,.
3 @oa _ = lo ! : ﬁ )
s ’ Y :
ogo m / | A N ”\\ .
i : F, ‘ :
VAN ;
\ : : |
L H
| , 7/ \ \\
AL ‘ W
™ )
T f I
! {
~ 8] o1 — <« - - [} — o
<Q < < < Q < < - - o !
] 1 ] ' )
uU ‘JUITOTII0D JUSWOW-DUIMB K NO “QuaTDTFe0d Juauioul-HuTIoN MO fUSTITIIO0D 92I05-9P1IY
m _
| 3 o
4 < =
1 _ #
’ 1 | M,
Do | I , .
P i : |
S , | =
s v Y | T
\ | T “ W ,
o 1B | | w |
y - 4 | i — o
4 \N\ {. i i 7 I
P | N
T 7 ] TP
L M |
| L | |
] < - o - ] « B 2 ~ = © e =
1 Ll 1 1 t

ooe
0 "UBTONFR00 JuBmOuI-BuTyoNdg

8811

Ny "juerozaoo 8a105-TemION

-2

B, deg

£, deg

(b) Concluded.

Figure 9.- Continued.



L-188

. . e 5 ©
el - !
g .. il [ 9 7
« 5
oE M H m M D M
5 T ®
1 .%W w;v M w_m I T
) 3
F1 5 17 1
AR ; 0
} 1 I
1 |
AR g © :
= Q d [ )] ) A ¥
W |
| | _ o
3 3 g 3 °© 3 g e 3 - @ - N o
¢ t N v d
ao qUBIO1Fe0d JuBMIOW-buTMeX L5} f1UsTaFe00 Juaom-Huroy NO ‘JUBTD IR0 BOIOI~BP IS
| (o | a
b rd /
I C
| 7 A »
P =
il i
Bl : AN o
/] ;
o | N
_ d _ “ 7 4 ; i K
: - —
| [ ] | Lo |2
o1 1 - o - ) el «© Lia] <t o =~ it

EU UBTOLII0D TUAtHO ~buTyD g

56

Ny fquatorroos 2020718 110N

@, deg

«a, dog

(¢) Three fixed ventral fins.

Figure 9.- Continued.



8F

Lo
. | ! !
- ¥ som = . 1
2 5 i _./Y i % _
on ; '
, 7] \ ! N
| o , |
Al i 7 )
! | _
%
AN
o el N - «@ — — [=] - [ a
=) =] e 2 = ) =) - - o “
; ; N : 2
Uy ‘qustorzecd JustouI-buime s Iy uetoTece JuewOW -BUTIION A5 fuatormecs 8030]-2D1
] | U
T .
L . | ,
T | ,q
T _ - I
IR | !
110 B [ E
anne | EDEN
i
= — = 7 2. @ % ) ~ _ B ° 23 =

Wy yusrorgacs jmwow-BuTyoid

ggT-"1

Nr fjus15173500 2050y~ TRULION

B, deg

B8, deg

(¢) Concluded.

Figure 9.- Continued.



58

L-188

Wy CUSTITIID0D JUSTIOWw-huTyond

Ny 4quaronraos a0ioy-rRLIoN

o | ﬂ O_ ] ﬁ ﬂ _ _w
§ on —s w . 8 |
| T : | " £
I ® oo : a M, d b m m Vs
4 9 1P > [v
W, 5 T ’
—t— — :
AR b . bt
f R 3 ] 0 3
! g H 5 H — R 7
. | ,_ N
: ? & g © g a ° g - © . o o
U5 “uetogreod wRwow-Huimes Iy “uerggecs yuswow-Huroy X5 “uatorzeos soany-apIg
I I _\vﬁ_ | [ ‘ _ 5
A | o
: 4 |
| 7 N
Wi | Y |
; ,, & <)
L P | , N o
, S @ , W © .
NN | 1 Ll Tt
« o =t o - bt b o © b B =) “ <

a, deg

a, deg

(d) Four fixed fins in X-arrangement.

Figure 9.- Continued.



29

T u T T r 7 «
W o J i _ 4
@ i i
LT geq & —r ] ——
- 1 i T I ! N !
8 ; 4 f i ! ; ; i
ond ; r/ 4 P, | | W i i
T ” 1 1 W , M N
| N\ U | | | | ,
i i ;
" /l/ W M _7 ,,
ﬂ / ; ; o
i ,_ ’ 1 oS 3
; 1 : | <
| vVV | |
i 1/.4\ f $
| _ U8 |
W H ) , )
: i
; ! /ryc; ” 4 :
" f | i :
1 | l ! | N
g 3 8 g ° g 3 ° 5 - © - . o
> > : : 2
Un ¢
O MIBTRPTA00 JuUawIow -Huime X 1~ ue -
9 "ueranzeed Juswow-burrod A5 fueroyece 22I07-5p18
T T T T T t T u ©
ﬁ .
| J = O =
A~ 4 !
] | | T |
t ; , H T
; ; ; . i |
W & & V : & d
T Sl 7 i
: , - : foo S
; v N ‘ ,H 1 , : W , e
=] ; ; , ; - : L
i S |
* A \M ! H | ~ :
,# C_ ;.« , H ; 4 H [=]
{ DJ P : 4
: i i | | !
{ \ | i I ] | | | | B!
T G = = - < ke 3 2 - < ° < !
l ‘ v v v
Wy 191013900 AU -BUTYDId N7 ‘1ustonze0d 82103~ [ERI0N
v i

88T-1

(d) Concluded.

Figure 9.- Concluded.



60

e
“ =4
A O I A S
g d 5
s oa Ei\d\ §
: -
g B\K g
. £
g i ¥
S l \ C]
G o E
) N »
§ K7
[a¥
3 01

<

)
(e}
g

1
Rolling~-moment coefficient, C;

T
Ny

g

Normal-farce coefficient, Cy

1
|
N

Side-force coefficient, Cy

04 T
B, deg
(e} 0
[m} 5
.03 ]
09| d§ -
g ||
[m, N e iR
01 :g\ﬁ\?L——
Srg18-6—erg-e—y
0
-.01
t)-—-(i; = g_au——g -
A i e - S
1
Y o= —C—F
I - WJMI hd“{f-—cf
-2
-3.18 = 0 8 16
a, deg

(a) One jettisonable ventral fin.

Figure 10.- Aerodynamic characteristics of the X-1E airplane having
Jettisonable-fin arrangements at M = 2.37.
cate fixed boundery-layer transition data.

Flagged symbols indi-

88T-1



61

T ! ] ! ©
o] H ! H
| .M < < m - =1 . ] .
ond : / ” i
- \ 7 ~
NN /
A 7
i \ ! «
" r °
o ™ o - - - - ﬁ/—u
g 8 S 3 g 3 o g - o - 2. ®
Y5 ‘ueropeoo yuewow-bulmes Iy “uetogzeod juswouI-HuToy ™ Ay ‘ueronzens 800[RS
| | ! )
o w mmmrs
IR | ) ;
g T _ A | k ,_..
R || “ _ w
| | ] | | )
| | 5 | |
Ly 4 F N
A= Y = A" <
L ,_M > $ L %.,
g T = o = : g o @ < = P ] AT_

Wy ryusronzecs Juswow-Buryorrg

geT-1

zo “JUBTONFO0D 3DI0I~TBUIION

8, deg

B, deg

(a) Concluded.

Figure 10.- Continued.



L-188

. T =
g
- .mm. oW £1 ; = L‘
: ) \ ¥
L oo / _ 2 mﬂu fw m. -]
M 7 P _ i
P w v w w 1
b l\ “ _ o
r\x ” M D M w T
_ I Y : o
i i |
” gl ; ok T
m o ) > g 5 15 v
o]
3 2 5 5 E 3 3 ° 3 - o - o
U5 “usrogacs juswow-Huune X : . _ . '
0 ‘JUBIONTB0D JUSWIOW ~DUT[OY A5 “querorgeos sador-eprg
“
T =1
m o
hNu o
: \‘D\ e i_‘_,,,,,/_mv/
g, = \U\ 4 .
W \t W Y ! ©
a\q //d/
g | T
7] - o - G % o u <, E] [ ] A”.s.u

62

Wy “qua1omra00 Juowow -BurydItd

Ny “isromaecs aaaog-reutron

a' deg

@, deg

isonable fin.

(b) One 15° wedge jett

Figure 10.- Continued.



63

0
: |
| ® o9 — -
o NN S _ /
oo N N | | /) | | .
I 1 7 :
NN i 7
////% NWH / N
—_ NN | ]
%/\W B
| .
3 g g g © 5 3 i a - °© - o i
Un o ' o ' 1 ' v 1
D USTOTITR00 WBWOmI-HUImE X 1o fueiomeos uswow-fumoy e —
T [ | )
= : 7 _ H
] | | I A
SR M | , 1) L
A < ” £
| | | | |
; 1 + i : o
ﬁ | S I |
_ i ? T M I 1
= e _ , = &—o
i o _ i H
i w F & | M
i | H
_ _ , I N ,
o3 c - ) —~ B ] o = < o [2) B <
' 1 1 l r
EU “1UBTDIITIOD JUSWOW ~DUTYOILA zu ‘1USOYII0D @DI0T-TETION
-
Q8T-"1 , .

B, deg

(b) Concluded.

Figure 10.~ Continued.



64

L-188

T T 0w
o =
N
o
. on B Q o 2 o
| { 3 5 2K ®
r 7
/ i L [
/ ¢ TS : °
A o g Sk
=4 # ;
W‘ Plg AN
o m S I~ 5 o I
g 3 3 g o 5 3 > 5 - - - " o
Us juetonyacs juswour-fuume} _ ! ’ J ’
~0 “uBTOTA00 BT ot -BUTTON N.rU “UBTONII0D BIIOI~BPIS
_ 2
, .
P i
s | B :
e B .
o T =
i \.H ! , ! e @
g ; ; "y
N
i * ; @
= ! | f ol
m W w
2 o _ - n_, = o _ ”_o @ @ = _ n~_ | & =
) ) L]

"5 fquerarecs uamony-buigmig

Ny “yustrongeos sorop-TemioN

@, deg

@, deg

(c) Two jettisonable ventral fins.

Figure 10.- Continued.



65

,a T
=3 ! :
I3 :
] & |
& \W\ Il !
i —
J |
/ i
i i
t j
g g g g @ 2 3 @ 3 - = — ~ -
15 f U 1ogIe0D JUemowW-SUTme s ' ! ! ' '
1y« -
D “jueronzeod uswow -HuIod 5 qusromgeos s010j-op1
T T T
! 1 ] |
i ] |
T
[ .
: | ; |
f Ed
| i | ! ] T
: I i i | ! ]
L ¥ — i 1
K I i H
g . )| Ll |
£ & ]
T h r T ! H
; d d L
@ N - [& ~t © ™ o 5] - o (&) A -t
[ ) [ " : s Yy
Ny cjuetoreoo sosop-reUzzoN

W fqustotzeos swom-buysig

9F

88T-1

-2

B, deg

B, deg

(e¢) Concluded.

Figure 10.- Continued.



66

1L-188

.04

oy

=5}

— — -
'

Wy usronzeos Jusuow-BugRld

Zo £IUSTOTFIS00 3DI0I-TRULION

o

9
[=23
m, ow
L . oo | £ w w D 4 -
HEEARK L ok
H , b
K @ il > 17 )
ﬁ\r 9 S M > M
¥ : N HR:
= o) k5 = T “ [ v
_ | -
3 & E ° g 3 o 3 - o - o o
1 1] L} 1} L}
%0 “weroggaon wewowm-burnes 15 “warargeod wewow-buroy Ay ‘uerpyrsod 80I0-9DIS
w
- = w .
7 RN
1 — T -
| A TN .
il |
| | A | .
S | | T =k
L | |
. — R

a, deg

a, deg

() Three jettisonable ventral fins.

Figure 10.- Continued.



67

.04

.08

o

Ll
S < <

Yy ‘queioigzeos JEFHOUI-Hutmn X

-

=

i

/7

f

'

b=

% ‘

—
<

Iy “yraromzeos wewom -burion

o

—
«
[

0
.1

&5 “uerorgeoo oosoy-sp1g

-3

—

Do—ADoe_ et

=t

- I —

:
“5 s gyeon Wt ~ful g

8811

—f -

-

=

Mo yuatorgacs aazog-reriion

[

-2

B, deg

8, deg

(d) Concluded.

_Figure 10.- Continued.



L-188

w
—
L8 s
@ ,
| on 1\U nw Q o P ©
t "
L7 © : ﬂ +
\Nn %u o W L, M o
d D W L b
- I mﬂ W b W |
; XKool
C ) | i
” i
4 3 _ 3 =] L — - — : %
[>) 2 2 ) @ Q < @ @ - o - B bl
' Ll L} ¥ 1
CU fqua1D1I800 JustIow~buimex NU UBTOIB0D JUSTTOW ~HUITION MrO “JUBIOTIO00 9DJ0}-BPIS
T I o
|
. = a. ®
| 4, o\,\
| | g ,
I ) ar D/L
m \\_ e o
! | /
Mu;, N
17 , =%
_ I % e
ﬁ _ d ]
3 - [ = T G o = = = T a
1 ] ' 1 1
M

TIay udnTTIa0T warTor -Duloi g

Moy CUaiagIond #OI0]-TRUIION

a, deg

a, deg

(e) Four jettisonable fins in X-arrangement.

Figure 10.- Continued.



69

g
= ° Q_u (o) .
N o ;
ouno ;
. w\wu /
m
E/ '
S & 4
3 3 8 3 @ 3 3 © 3 - o - I 5
' 1 1] 1 ]
u ‘ T
D JUBTOTIS00 JuswotI-HumE X 15 “ueromeoo ewow-BuroYy S
T
G s
| |
} J.
| ! W
L r
T 4 rﬂ
Il
, !
) | | |
| 1 ‘ | T 7
1 | i
n<u. < ~— (] ~— €« o B el

Wy usIDIR00 AW O ~BUTYINd

88T-1

A o 4]

Ny “yuatorre00 80I0§~TRUIION

-2

-z

B, deg

B, deg

(e) Concluded.

Figure 10.- Concluded.



70

i

Pitching-moment coefficient, Cy
)
o o

8
L
z
&) 4
<
[
]
&
H
3
S 22—
3
4
9 S—
D
3
E o
S
&
-2
-4 -
-16 -8

) 3 18
a, deg

Yawing-moment coefficient, Cp

Rolling-moment coefficient, Cl

Side-force coefficient, Cy

04 T
8, deg
B -
O o]
u] 5
.08 N
.02 EL
SN S o N — b
NN
o1 n\m\D g
\D\ﬂ~{ij§
. o S S S st
0
=
o
o
-0l
.01
o S==
T T E;/f S
=01t ol
1
0 & 10— O=o——¢
-1 3 g
-3
-16 -8 0 8 18
a, deg

(a) One jettisonable ventral fin.

Figure 11.- Aerodynamic characteristics of the X-1E airplane having
Jettisonable-fin arrangements at M = 2,98,

cate fixed boundary-layer transition data.

Flagged symbols indi-



71

@, deg
-9
0

o]
a

$ 15
/p
i
=

2, dog

.04

m o3 band
= = < <

-.01

i
S - o - o
b 1 1

5 “uapigeco juemow-fume 17 “quatogye0Dd Tuewom~BuTIoN &5 “quaroyyeco sdr0j-apIg

(a) Concluded.

7;,—4‘@;-
L

L qf
1

. .

Figure 11.- Continued.

@

3, deg

ol yv A B —
T T | 1.
d n“ | ﬁu | | | ; W
ﬁ‘,ﬁ | ;Hf | %
Wl [0 AN N A O
i .\/ .. =y
: i &
|- i ,
i Y4 : . 5
| | |
« - = — CH ) 9] ] < B <« ;
5 uBTOIF00 R OW~FUION Ny 810111900 50107-12WION

geT-1 . .




T2

L-188

T T L]
O -~
§ .. 47 T
= ] i .
oo i nN 2] 4 M
T 1 t [ca]
. T
i % ] il _
[5 ¢ :
| 1 i
J 4
1 ! % i T —
| g 4 2
1 Ik i
) : T3 ; 5 %
|
_ _ ©
3 g 3 a © g 3 © 3 - ° - 0 o
] ' 1] L] 1
Un ruetomzeco juswom-buimex 15 “ueTses WRmoW-Hurey m,.o QUBTOTIIS0D B0IOL~PIS
e ™ -
/ﬁL B}
\RA ! , f /Jﬁ
; 7 ; M ! //NP
Wil | |
1 a% “ /; o
}
Mw | | ; |
d 1 ” 7
| | :
: , ;
_ L e
) < ! 3 - ] ® < = B 3 o <
] ) ] ¥

Wy “qua1atgsod wemow-Hutyditd

ZO IUITOTTO0D BDICT~TBUILION

a, deg

@, deg

(b) One 15° wedge jettisonable ventral fin.

Figure 11.- Contlnued.



>

10F

.04

Y T Lel
o
8 qog - o
ISR - 7
| opno -
/M»
| N )
| M
, N
o
| | 4
8 g 3 © g 3 ° 8 - °© - o @
’ ) ' ' ¢ ] 1 1
Yo ‘wetonzeoo jusuow-buume X 15 FJUBIOTIS00 B OW -HUTTIOH Ay tuetoTzeod epI0y-opIs
L=}
1] T |
: - «
T
Ll | |
£ N
[ | L
[l | _ | |
[l [ | I [
1 | | ! 1N
oy
3 ) - S = o e @ & = N S Cs =

Wy ustopgeos juswom ~Bumno)td

881-T

Ny 1ustorgece so107-reurion

B, deg

f, deg

(b) Concluded.

Figure 11.- Continued.



L-188

w
-t
foi]
A . = e
: ] ) L |
L [u] - ]
o] 7 1 )
F D i
ST %
(=) ) = % ' o
h\ : H O i M |
. T _
w\ % bW |
_ - I 1 | o
5 ! ¢ © » w '
< 2 w
g 3 8 g ° 8 2 ° g -t ) - o @
’ 1 h h ‘
u
D "USID[Fe0D Juswmow -burse 5 “usrogyecs jusmont-burioy A5 ‘ueromgrecd s0u05-9pIg
ﬁ T ﬁ _ 2
1 . o, ©
? \.B& /B/
n_\pv I U//..J}/Dl + [
ﬁ\ _ | ; /a7 L e
g T f T '
| _ _ _ | , | L,
¢} o -y L) L] n/- 3 w© 8. 4 o\ o o Au N
] ) ] ) L]
Wy e torreca Juemo-HuTyoy g Ny “querorgeos soaoy-Tewion

T4

a, deg

@, deg

(¢) Two jettisonable ventral fins.

Figure 11.- Continued.



™

—p —F—F

7 ! |
| © ooX & =
L}
oo
L < //
N Db w
|
|
!
, ] _
) V |
1 T
5 8 & &8 ° & & ° 8
1 )
"0 “uerogzeon weurowt-butmes 1y “uaToPIa0d JUSWOW -HUTIIOY
1 1
| H N ﬂ ,
| ! T !
R . H 7
f A ;
H v |
| | [ ”
: o AH\ /4, ¥
| 5 .
= =
|
&) N - [ - N 2 o =
L} L} 1
Wy UB[OGIR0D WA OW ~HUTHON
] » v

8gT-1

©
v i
ia 1
1 ) \\ i
; {
! /
J/ -
! o
—
_ (3]
~ © -t o
1 1}
&5 spuarougens svrop-ap1g
«©
|
— <
|
4 +
: | |
1 ‘ ﬁ o
L —
T i
_ k o
< ~N o <~

Ny “juslorFe0d 80i0f-TeWIoN

B, deg

8, deg

(c) Concluded.

Figure 11.- Continued.



’ ©
—
g
T ow o e =
i ] g ;
oD 4 3
K ﬂ "
g NE
y i
/] % 110 1
i | LI i
3 | b q _M_
)
,n\ m Ww 3 =
/ _ e o
i 5 = SR .
) _ |
! ! 1
_ | <
3 8 3 g ° g 2 © g . o - o o'
| [y ' v ¢ v
Ty qUeToTFaod Jusuzom-Huimex 1 *juatorzeos jusmow-burgoy A ‘JURTITIS0D ed10]-ap1g
L=}
vl
=2 o, =~ o
//m/ .
3 v i
|
?
) | I S U ©
g G = o - ] e = = = B = & <1
' L} ) l 1
Wry us1oyzed juswow-Humold

76

Ny “3uetorgaoo eazop-revrzoN

a, deg

w, deqg

(d) Three jettisonable ventral fins.

Figure 11.- Continued.



(i

U5 juao1pre0d juewom-Butyoitg

88T-"1

Np “jusrorgeoo aogoy- (e IoN

o |
| 5 oo 3 S HE
) r/
one |
o , T bl
NG | /
f ;A | ! w\l it |
W/ . il
\\ o)
- o
M= A4
S 3 g g © 3 3 ? 3 . ° - o o'
¢ ) ., 1
U5 ‘quetonzecy juewom-Hurmex 15 “usroygsos yusurouw-Hurmion A5 “uerorgace BOI0F~IIS

©
M _ Inp

| | L ] |

T T T

; W A j
; } i o~

P i _1 H

] ﬂ J [
M &2 M o
= 3 — = —~ ©3 « ®° B ! £ o R

+ L}

B, deg

B, deg

(d) Concluded.

Figure 11l.- Continued.



78

o
g o a o &
& % 1
on m d_ d
I p q & |
1\u o : e g
: ;o Iy | i
wx&n e b |o
i W ) s}
: ;
m
| !
3 3 g 3 © 3 a3 e B
f ’ f
U0 ‘uorogre0d justIow-Hurmes Iy ‘queiogzecs uswow-buimoy
H T
Jo'g
| \DA\ " W
e |
” E\E P
; ! ,
of
! :
| } i 1 1
] g — o — €

Ty tyuarareos wewow-BuTyR

I | T
<SR- o
0l
o
: .T
TR °
) C
) !
[ 2 ¥
2
- o ! % o'
1 ) '
A5 ‘uaromzeos sa107-901g
K
[, /@/ ,&, ©
By | ] |
N -
//. %
!
I 2
< ) < B! ~!

Ny “usrograos 020~ TBUZLON

o, deg

o, deqg

(e) Four jettisonable fins in X-arrangement.

Figure 1l.~ Continued.



79

v w©
v | !
3 o
- [] - 3
m &=
Y1 \
- / \ <
/> b _,
Pﬁ / / \ ™
A _
rj A i
_ Nvo 4
| o
< ) 3 — =) — ey 5] —t © v
S S ] 3 2 3 3 - - o «
t ) L} 1] 1
Yo “quetogeod juewom-buimex 15 qupromyeoo JuswIOW~BUTIOY &5 ‘queroyeod s0105-9pIS
_ | °
o ,, |
i |
| | | |
w , , (
i H _ T
| _ " ] W
I | | T
kN |
7 T
0 i a W
L, | A W i
ﬁ o ,M/ 4 | M Iy
1< £ > =
| | | L,
e w3 — o — 3 ™ o) ©w .4“ ™ s ~ <t _
‘ ) : -. 3 -. Ll Ll
Wy Cquatogrens jusmom-bumyaiid Ny “wustoggeos soop-rem iopy
- @@HI_H - v

B, deg

B, deg

(e) Concluded.

Figure 11.- Concluded.



80

3
5
g
6]
Y -
@
g
£
@
o
13
-
5 2
g
o
g
U
o
H
g -1
h=4
ja}
-2
-3
8
3
.
Oy
Py
£
@
g
9
‘!‘;‘!
[+3
<3
Q ¥l
g
fict
i
4
o
=)
S
=4
-2
3
-i3

a, degq

16

Yawing-moment coefficient, Cn

Rolling-moment coefficient, o}

Side~force coefficient, Cy

D4, r
B, deg
]
O 0
o 5
R
.02
B o]
.01 -
i O
5 Sterley. S AL
=01
OL—
3 =838 =% —tH _U\‘L’ ~5
D—&c —O Y
gyt
-0
1
o P DI WD ] R
D_’_Qc_dg— —{f“@*“ﬁ*»ﬂ'-—-{&d
-1
-3
-16 -8 0 8 18
a, deg
fin.

(a) One Jettisonable ventral

Figure 12.- Aerodynamic characteristics of the X-1E airplane having

jettisonable-fin arrangements at M = 4,01,
cate fixed boundary-layer transition data.

Flagged symbols indi-

8811



81

11F

] I 1 * T Lol
| _ﬂ | [ _
o !
[ 3 oown f | _ .
I L '
L0 ond [ NN ” * ! <
o
x/g | N
7 \ 7 o~
I ! [/
|
o
: N :
T <
< @ 5 = =) i - =) 5
< < < < < < 2 el i - & Bl
! ' -. -‘ -.
Yo “ustorecs suow-fuime NU FUSTDIFR0D UM ouI~BuTTToN ) JUSTOTIB0D BDIO-EPIS
_ I f T T T T @
-6 | o I
yﬁ w | I
T 1 1 -
ﬁ\ | J ﬁ
i !
k 1 ﬁ _ T ~
| :
[\ & -
| | =~ 1 ?
NIy | | I
indin M 1 = T i e
a4 { |
ety
ol 4
1
el " — © - o) ™ < ie] < o = o <!
' ) v ) : v N
My uataimacs juemoti-Hutyond Zo "JUBTIDITIVO0 SDXOT-[BINION
. '

B, deg

8, dog

(a) Concluded.

Figure 12.- Continued.



82

L-188

— : 2
7 .. 11 [ 1 i
& T T
oo 0 g M ©
R I I
; | . ] !
, m_ ,w ; P | % |
: L
,‘ - M M o
m{ ﬁ
HEEEE ; |7 .
ﬂ &) d q b &) i
_ _ _ [ ] _ | i )
g 8 8 3 - 5 3 © 3 - @ " 2 N
U5 “quad1ze0d yuawon-futmex 15 “yus1o1e0D JUBTIOW-HUTIIOY T L
/ .
U\nx b, | ]
| £ a
., @ ! t 5 %
| |
| | |
L1 | | | | i “
? N - o — 5 @ @ @

Ty usTorIzeon 1ISUIOW-DUT g

Moy ‘quaTopye0d 50107-TEWION

a, deg

a, deq

(b) One 15° wedge jettisonsble ventral fin.

Figure 12.- Continued.



83

T 1 — r T T T w©
- fe ' :
3 g qel & : : i ] !
: L
og e i \V | -
A\ I /
' A =5 i : !
| L\ 1] m |
_ m T 1 :
~ ! b \ !
4
i ! °
J V f
= £
,w o
) g g 8 @ a a ° 3 - e - & o'
E L} 1 i '
%0 ‘yueroTeco juswom-bume 15 uero1ze00 Jwowow-buroy A5 “ustogres avzop-apig
w0
N ] . T T 1 T
o e | | =
T J A T , T , ,ﬁ\ ,
l ! 7 h m
T H _ T t m t <
i A T
| BN
] T
: A b, 1_._ H ,
A T
| | ;
} 1 )
B ﬂ [
& i ,
= = {
I j N
3 & = o = 2 B o % = B = 5 <
’ 1 ] ’ L}
Uy JUS(O[FFB00 A OW ~BUTYSIT N5 ue1313800 20107~ (RLLION
80T~ e

8, deg

B3, deg

(b) Concluded.

Figure 12.- Continued.



8L

L-188

.m,.. oW .\u M ﬂW M‘\ M 3
<
S iy - 8
ﬁ % ” # % & : +
* , o
,M, .W M. 2 M o
; ) - -
g 0 q e > 5 .
o G o b o '
3 3 3 a N 3 = < a - ° - & 3%
Uy ‘qustogzeon juemow-buumex 15 “qusronzeos UAWOUI-BUITOY A5 “ueronzeco 20105-2p18
| B
7
p, S .
7 NE
r L _
;
_, j m\ | 4/;/ _ T
1 || "
m o = S - o = = ]

Wy fqus1orgeod juswor-buioild

No ¢3ee1013000 20205-TRWION

@, deg

(c) Two jettisonable ventral fins.

Figure 12.- Continued.



85

f ] ©
| !
=4 [y
g qon <
& / \N\
eJuked -
N g
! ~ B
\ ) .
) /
o
| u
LS
| ‘ j o
3 g g 3 © 3 3 ° 3 - ° - s o
v ' f v v
Un ¢
D FIUSIDTIIP00 Juswow~Buimex 1y ‘qusropyso0 JuaNIOW~BUTION S —
el
! !
| | I
_ =
ol | ,
4 ﬂ ; = J
‘ |
=
N I | | o ¥
! | \Nf | % *
>
(N ,& | I
= * o
U ! l I
4 A
= b & &
B - ) - o = © © ~ = b

M5 FusIoIgR 00 JusmOm-HUTyRIg

RRT-1

O
-2
-4

Ny “qustoyzeod soJoj-reurIoN

(¢) Concluded.

Figure 12.- Continued.



86

-8

T T T T
o H .
3 on _ , - o
o : f o ﬂ Mx
on , o )
i , i
NN K o F ;
; , |
AN Il | ]
[ ,
7 : ik ¢
d d o L o
w _ r
< (2] o — (=] ~4 i (=] - foe)
< 2 3 < 2 Q E: - - o =
+ Ll L} 1 i
U “quaogrecs juauow-~bume s [0 “JUSTOIFR0D JUBMIOW - HUTTTON
| I _
Po,
N |
= !
4 W
7 _ _w
N - 0 — Bl L] 2 - K © 4.,.
L}

W fuetoreco Juswow-Hutuond

N5 qualo1faod 93107~ [BUIION

16

=18

16

-18

a, deg

(d) Three jettisonable ventral fins.

Figure 12.- Continued.



87

4 | V | )
o .
v
- .
3 // : :
omo | ‘ \\ \\“ | §
i / |
/ /(r V _
e . !
t i
* , — ;
/ |
\ | 7
w
e (=]
/ l
[
1]
_ 7
3 3 E: 3 < 3 3 @ 3 - e - « =
3 d . . f N ] ] '
Yo ‘ueropecs wamon-fue ) Iy “usogTeos wamout-Burmoy Ay qusromgecs so105-3pIg
ﬁ w
G r % T
, !
i . =+
,_ _ m
|
ﬁ " | i , |
r i : , , 7 T !
| | : W ,
! , A, ! # .
| | o |
, & ; N
HEEDN NN B
ﬁ o~ =t = {=]
HRE D I 11
: i 3
= > =
| o
) y - & - Y ) © < o3 = o <!

Wy yuatoreod Jusmont-HuTyDiid

8811

My ‘qustorzsnd 8I0f-[RULION

B, deg

8, deg

(d) Concluded.

Figure 12.- Continued.



88

L-180

; U 11 i m
B ow ; 5 q_. =
: N M T
| oo L k ¢ + P o o
T 1 ! o
d W > SR
% A %V ; D %
g 5 d o O ¥
w0
3 = g 3 ° 3 2 © 3 . @ - o
) 1 1 L}
Uy “qustogreod juswiow~buime) Iy fUBTOIR0D JUSWOW ~BUTTION ) FJUBTO OO0 BDI0-0PIS
e
N
e
\L
e b _ .
\H il
=4
..\15\ i : o
= _ , A
£ _
2 /_.Q omv
| _ =
© ] - = - 3 = g 2 < B! © !

Wy ustorgace JUBWOW~ BUTYOIL ]

Ny Jue1o11a00 8210]-TRELION

-

a, deg

a, deq

(e) Four jettisonable fins in X-arrangement.

Figure 12.- Continued.



89

12F

7 _
L © %o oo = o0
5 X W
ooo // ,
A/ ;
. ] /
i 9
LN r
=~
i : i
I |
g 3 3 = 3 5 & 3 1 » .
ll 1 ’ b
U5 “quetonzeod jusmwow-butme & Iy ‘UBTOTFB00 JUSW O =-DBuroy Ay “ueromecs adzor-ap1g
T T T
! ¢ \g ;
, \ | ! i , "
f — " 1 g
i ﬁ, W C i |
. Cd ! |
] = ,
R 1l [ !
I v T i 7
b g ot !
‘ i
7 ] [ I
, = : St
| [ 1 | J
] i : : :
i : : i
I {
&) E - © - [ Ed ® = < B © %1
1 1 Ll t
EU ‘JUBD1TF8 00 JUSOW-buIydtg Ny JUBIDIYI0D 22IOT-TEIUION
Q811

-2

A, deg

B, deg

(e) Concluded.

Figure 12.- Concluded.



90

L-188

b .
o ‘ ﬁ « =
t 5 Ty
on ©
w BTN - BE:
M\\ | | A.ANU | : uwz nw.. nw W i o
_ A d1k o & |
AR 19 b |9 | i
& ﬁ | ,Q\ © O | D, qQ Dﬁ | '
4__ v_ Lu - T A | 3 | | L . : le
| .co .ﬁm_uu.mou ﬁaoahmﬁaﬁ _. e} ..Emaﬁwou E«Ecs-@ﬁmqm A5 .EmUEmWU S.How,mg_m .
_ M _ _ T | | 2
4 N |
| ,\&3 ] | 8
| < — | |
| Vi N - 0 o o
L ﬁ\t_ M . | W w/jr -
7| | IR AN
i | | | )
4_7_:

Wy usiorged juemIow-Hutydid

Ny “‘que1orye00 8003~ TRWION

o, deg

o, deq

(a) One port strake.

.- Aerodynamic characteristics of the X-1E airplane with

Figure 13

strakes at M = 2.37.



91

M , . ; P ] ©
T I T T 111 | — T
e eox 0// — ” 5 i ﬁ
3 : : : ; !
X //p \ ,\ )
! A i I
i n ; / o
- N\ J A
f B i
| rd T
| N /i L
¥ AV = N7 (uL_/\
s e e
] Ll
¥ “usroyyend uewom-buimes 15 “us1o117900 JuBMOM-BUT[I0N LD “usogzeco 90%0j-9pIS
T T T ! ! ' “
| (A S i T T
Vu ,,#u N | ; 1J_._ ! %
EEESENEE R
W & w , =
1 —1 h I
H £ °
11 I ﬁ l
, rv =g <> £ s,
m | ) i i l L | i "
= ~ - B - “ @ © = B B E =

Ty “ustogs0d JuSWOW -BUYDILT

8811

N3 “jusroigeoo a010f-reusionN

B, deg

3, deg

(a) Concluded.

Figure 15.- Continued.



g2

L-188

.
B, deg
0
5

O

* on

]

w
!
]
] &)
=}

4
-.Cl—

—
(o]

Uy quaogeod Juewow-Hutmex

ob -4 -

.1,_7_5%

Wy ueidrieod Juamow-HuDId

T 2
| o o o =
EE S AR 8
g e T
M m | - mﬁ o
4 R
o 19 | 3 .
d ia} 4 ,_u '
L 7 | L L L Ie
m. ° m. %. Ap _Ewmoﬁm“ou wupow-mn_wm |
1n ‘e ToTI@00 JUBWoW-BUTI0Y
T T )
SNy |
RN
b d//p i °
RN SN
% | || | o
NN
| T

Ny f{usidigyo0d 9d0)-TeUIoN

@, deg

o, deg

(b) One starboard strake.

Figure 15.- Continued.



95

o ) ~> R I ,u R _ JL
oso L 77 77
N [ 4 /i
W L N / /R
. \LL A m A
1 N QNN,M\ m W
Lo W o W
N A O N
U5 "us153e00 ewom-butae s ; . ) m. . m &9 “ustoyzeod 9210J-2D1S
] | M ﬁ
)R 1 1 | | [
N | I |
[ ) i [
Hw H w H. w H H
I ! ) B
S Y T L

Ty ustoipye0d ueuIour-HuTydIld

8811

Noy ¢jusiorzeos eoxo-1euaoN

-2

B, deg

B3, deg

(b) Concluded.

Figure 13.~ Continued.



9k

L-188

| T T 2
R s} m, @\ kﬁ Ms
m ﬂﬂ ? ﬁ ﬂ ﬂ | ﬂ” |
L1 1 m I .
hxﬁ W, : v M, _ Q _mw W
Ao le o Lo 9 0 g L,
m =t 5 w | 5o CEEN ;
T e O T N =
. | Uy .Ews.ﬁmoo JuauIoU-bur e .. 8 ° m_. m.W e .EEUEE.VU wES-mE.m |
15 “yproyyeco emoTI-BUTIIOY
T T T
_ . & | ~a. | L | i}
| LA RN
RYAN | L IS )
f ! nKTV W , | 7 M | ,
& | | |
. B | | | | T
e o m
I T S T S S A

Wy 1a[d1800 WATOUL ~HUTUDIId

Ny “ua1o17e00 50105-TRWIION

o, deg

a, deg

(c) Both strakes.

Figure 1%.- Continued.



95

- ] T T ! i
L€ cow o - o =
¥ omo L LN INE | _,4_\@:\_% I )
B WL | Ji FiE |
_ BN EEN HR/AR yiREREE
NEL T L % NN
t | ; ! o
| R | 4X/o . d w 4 mmwx
| | | 1] w | | | ,
3 3 ] = ° 5 ) = = y g =
Uy yus1o115500 WBUIOMI~BUIMES 3 ° m. & X5 ‘yustoze00 8I07-9PIS
15 ‘1810200 TUBWOW-BULION
— T T | .
NI AN L I
I U D U A I 6
| L [ | | ﬂ L
T e
| ? i W - m_* _ w
Lo —io & 5
I A

W usrogreco ywewomw-~butydid

8811

N5 “usiprzand 8007~ 1eUrION

B8, deg

2, deq

(c) Concluded.

Figure 13.- Concluded.



96

L-188

m.ow R M k w M i
L oo MM e y b o -
£ G q & B
i P T £ 17 .
o , 15 L 15
A L9 Q|3 ¢ 1o
& S R T o %
L 1] | | | 1] |1 | | I
Ury quaidIjesd JUSWOWI-BUIme s o “quatoyzeod JUSUIOW-BUTIIOY A5 “ueioizeo 20103-2D18
y; =L
7 =
o o i i
5 | .
S N [T
“ k; 1 /rJ.. !
_, 1\( * //'Ar K
. | L | 5
S0 O I o

3

Wy ¢quatdrzend Juamori-burnid

N7y “3UST3II; 80D 80I0J~TEULION

-.4

a, deg

(a) One port strake.

w

lane with

irp

.- Aerodynamic characteristics of the X-1E a

Figure 1k

strakes at M = 2.98.



97

13F

ur

0 ‘JUS{DFR0D UBMOW-HUIdId

88T-1

=) [ — o3
v v

A5 “Jueroyzeos soIoz-apig

T ]

D

&

—— -

. ~ T T _ |
S aes N
7 oo NI %
1 - KNN
m N 7
| LS| i
Ao
| | o) .Emﬁa.w@ou EmEE.n-mﬁamw .. o) ..ﬁwﬁ.ﬁmoo EmEoE-mS.ﬁ.E.m
| ! * , _
R |
T j
| “ ﬂ ﬂ, | wm 4
NN It
SO )
1 -

Np “jua1dogyand aouo3-TRULION

-2

B, deg

3, deg

(a) Concluded.

Figure 14.- Continued.



' ' L-188

! i b
3 il L 217
< / N.. T m
. oo @ = Q ®
M > o
: 0 [ 8] [) ﬂ
| o T 4 °
| d |6 b e 9 b
EORE: . i
| | j A_J\ m_ ; o
o C ,O [w) d o '
| ) N 1
3 3 8 g i g 3 N 3 E > T R i
Us “uatonisod 1UswouI-buime s, 1y ‘que1o17800 IUBWOW-DHUTTOY A usrogzeco 8003-9PIS
00 ] ENG =
1/ | //af
o | o -
g A Sm
W g
Lﬁ : M /JQ | —1°
4 | g |
P | | N
= : A, o
s e e T &

Wy quarprzecs wemo-Humoid

98

Ny ua;o[7500 8340]-T8ELI0N

@, deg

@, deg

(b) One starboard strake.

Figure 1U.- Continued.



99

T T “ N
%u N ! ]
L¥ @osg ¢ = & \...\7 2N
; < / | il ,
L ool ; w ; / i
| : / \
[ _ T \ )
. ; , % W
,
/ / /
| \N W
£
W g J
1 -0 i &
| ! !
M_ 3 3 & < S 8 < 5 - e i o 2
g 4 . ! g g .
A« -
U JUBTONFe0a JUBMOUI-BUTMNEL R T R Ty — O UBTIIEA0 8220}-8P13
M ] T
= — - €
i , ; ! ; ,
: f ,_ T N , , | y ‘
w F / L |
A : : . N
; ]
| | T i \ T I
H I I !
| B , | |
| \r‘r L 3
4 i
T V T
i | B!
| ! _
= /r =4
(3] ()] — Q — (] « i3] «©w o ﬁ)&v < .r,,m A.U
) ! ; ; ? ! : ; ;
Wy qustoyze0s uswon-bunyorid Np jusTO17s0D 80I07-[ETION
» f

8811

deq

By

3, deg

(b) Concluded.

Figure 14.- Continued.



100

L-188

5 o - i ) nﬂ,\n I
|, oD M [O) n_g n% hH
PO 5 7
il 117 il
5 [ 14 b b
2K : ¢ 7
6 ) o) i} 6 ]
U5 “quaolyzeod jusmow-buimex | Iy puerorgeos Emaos,mé_sm A7 ‘qUSIDTFR0D B020]-BPIY
i N |
€
d %
A mu /Ju |
S g
| | ,? o
% _ ) , an
! _ I | ; ;
T A B A

ey ue1a133000 JUSWOM-HUONd

Ny “yustatfja00 30I03=TeWION

16

1€

-8

-18

(c) Both strakes.

Figure 1k.- Continued.



101

@, deg

-9
0
15

O
o
<

A

+

A

oA
114

(¢

1
o
o

.03

ﬂ
|
g

U5 “usidfzsod uswowm~-burme)

-.01

vt
o

15 "usoTFa00 Justrow-buriied

-
uﬂ

s vl

Va.
~

\as
,

Wry ~uarogzecd justuonz-puryoitd

gaT-1

—
o
|

i

2
B, deg

Q)\<

AD “UBIOTFR00 BOI0I-IPIS

(c) Concluded.

&

Y

| ——F

N ——1
s

2
B, deg

—(

2,

P—¢

O—p—0—
p—g—p—f—p—-—0

4
.2
G

Np *jue10137800 50107~ TBWION

Figure 1k4.- Concluded.



102

L-188

Wy “watoggeco PO ~BuTYDl1g

Ko “quetdyzeod aosop-1eruion

i6

-8

-18

16

T =
FER R & il
rT oow W MW A :
Pa ; - ) | H |
- on | -
| | 0 o
| il L r |
’T Gl B
= , : 4
: 1T i ﬁ i
! : D | nu ,W
* H T
I |
89 i >
, [ o o [6) O
W , I
i |
m i % ,l i
= 8§ 8 8§ ©° =& & T
U5 “qusioyzeoD Juswow-DuIMEX Iy “ustoggecs juswmow-burrioy A5 fustofzeco 8aIoz-apIg
| [ w * ,Dh%) T T T
4, v ” ,
4 w/D /F/
- N
U a |
LM | _
i | I ;
| o ,
| o) , ,
| ; w
2 @ L E = B ¥ « 3 = = E ™ <

a, deg

@, deg

(a) One port strake.

irplane with

irp

f the X-1E a

ics o

haracterist
strakes at M = L,01.

Figure 15.- Aerodynamic c



103

w0
— 1 1 1T 1 1 T 1 [
= : : i ! |
|.m o O W o (or 2 ; P~ N foey
T ea
\E B 7
- oao b 4 J -
|
\ L 4
@ AL ] Vi
| i I } : ; : ~
| W T ]
~ : ; |
aN , ﬂ i <
f f i
W | e
I d = ~
] 1
L] | L
3 8 3 e ° 8 3 ° E - ° : ; g
! d d 4 ; ;
Un ueioyzeod juswow-butmes 15 ‘queye0D JusmIOW-BUTTI0H &9 “uaroyzeon sdroz-epig
L]
“ T ] 1 ] ]
H ’ ! _ | ~ i
. —F3 T A4
I ) I
ﬂ J | | i | -
| ; | | |
] L L
V" i !
o j | A | T
S 1 , _ L,, .
] b, ” _ H W F N
i A= | I | | A
| JID | JH !
s | N
_ @J” H Ll X ”c
| _ w | [ | N
3] o~ - o - o e [+ L] = né. o n(., Au il
1 ! . ; ; ; 4 : | ; :
Wry fuarolIeos wamom-Huryditd N7y ‘Justogzeo 80105-T8INION
i . 3

geT-1

deg

B, deg

(a) Concluded.

Figure 15.- Continued.



10k

L-188

: : i
- 7 5 SHER
z X SETT
19 £ ? |
ﬁ | ﬂ\n M _W_MV D M_
fun\ w mmn% w ,w
) Yy A S
. . ko) .Ewswﬁou Hﬁsow-m:rsmw _. o] J.cmsﬂmou Eusos-msd,.qm Ap Jcﬂuﬁwo.u mEoM,mEm_ _
, NS
T/ .
! L R
W S
EEEL
_ d ”
— —
P | _ | | H - L i

— = -t [ ] e

Wy “quatdyzaod jusmom -Hunoig

Ny “jusioggeod angoy-TeWION

16

-8

-18

-8

~-18

a, deg

a, deg

(b) One starboard strake.

Figure 15.- Continued.



105

14F

Y T T T T _ T ©
= : W :
rd oon - 3+ & T * HRo—
J A}//ﬁ/ \ﬁ ” _ i Nﬂ :
i i\ A T
. : \ i
_ _ H > ; “ f e ;
. . ; |
i A\
. /V .V , tp L%\
1 D g
i . ! .
Ty g
T T ~ i v
| H i
I B | o
N ) 3 — [=) — — [=) — — P — ~ P
< e 2 ° = e ° . : ; .
T )
U5 ‘qustonyeos Juswom-Hutmex 1o "ua1dFe00 JuBWowW-HUTIIoy A7 UBTONIS0D 92101-9DI8
T T T T T T 1
ﬂ I _m w O |
_ ; & T
1 .
b i
T ™~ !
+ i o8
il p [
7 4 I
: : u\ H o
T m /H\ < <
u .
" B - > = B = < = = = ° = “

Wy “us1dyye00 JUsUIOW ~BUTYONg

egT-1

N5 “usigeos eosor-TewtoN

B, deg

S, deg

(b) Concluded.

Figure 15.- Continued.



106

L-188

ot
i il il
Lo i
. oo M_ m m M W M ©
| . : > -
w Nn ) m o
; = | Hv M & m.._l o
g g -
EAR: p o 9 .
d 6! 6 o d O ! ;
| !
_ N S R B | || E
3 3 g 5 ° e 8 ° 5 i T :
U5 “austonze00 qusmouI-HuMES 5 “ustogoo ucwEoE-m:.:_Em A) "watdrIe0d 95105-2pIS
I ] B :
m 5 N | .
L @) AN |
! T X _
I ; | i i
AW 7 U/J io
ﬁ ! :
o | N
W & | ] ?
L | m Ll IR 15

Wy ustoygeos Wwemow-HUIYMII

Ny quatorgyaod 80405~ TBWIION

a, deg

a, deg

(¢) Both strakes.

Figure 15.~ Continued.



107

Wy U3 dIEsnd U oW -HUIgoNd

8gT-1

N5y fquarorys0d 2DI03- [RUION

. T “
S ! 1
o @ow o fim} £
I s b ;
L ond W r/ \A i w, \ -
— AN N/ U
| ! i | :
| , | A JI H \N "
| - I Ul
A ¢ ,, o
A, ) I
i H ; L ;
[ | _ , Lo [ o
g & & ° & & ° & = =T %
Uny fquaoljzecd jusmom-Hutmes Iy e oyIs00 Juswowm-BuTIIoN AD ‘IUSIDIIIA00 AIOF-SPIS
V' Fay ) I~
T 1 L1
! i | ~ k ; 1 I | | ; ; -
! | : F ! | I w/ 1 , H ! j
m Y I D U
=snt " ! 1 1 !
i BURENI!
, B , "
| | | T H H
! H | Fa¥ H rmL ©
s o——=&
| | | { I | i _ ! i
? = - = - s " 2 ® - : @ ° o

8, deg

o, deg

(¢) Concluded.

Figure 15.~ Concluded.



108

Lanfisuratis

8811

O o
0o ¢
O Q
004 A R
R [ \Ngpet
& Q&
002 \f \\A’:\
0
-.002
Fixed fins
008
o o
0o
O A
006 AR
XX
S T
004 \\\(&\
iy S oW |
Cng gzl\\\g\‘ ~—der 1
~—y —
002 ,,,,,,),,\\D\\ TR ——
55 MRS
- — ">$‘__@‘_
0
-.002
Tettisonable fins
004 .
O Al
& O o
O o
002 o A <
e
o
-.002
-12 -8 -4 0 4 8 12 16
a, deg
Strakes
(a) M = 2.37.

Figure 16.- Comparison of the directional stability parameter CnB for

a l/56-sca.le model of the X-1E alrplane with and without various
directional-stability-improvement devices. Flagged symbols indicate
check points.



.006

004

.002

L-188

-.002

008

004

Crng 002

.004

.002

-.002

Confiruration

O o
C o
SO o
VAP
M X
o
Rl
B ey S .
S = \ -
‘\~g'“" § £
leedii.né
O O
u e
N O A
.y C&
TN
:t%E::NA\\$4 a D Q|
NS S e W I il
DR AR S e a e ===t
O~
Vgl & e
Jettisonable fins
O o
. 1 o
& <> oS
- A O
\ﬁ%\\\§¥
—
B~
N
-12 -8 4 o 4 8 12 16 20
a, deg
Strakes
(b) M = 2.98.

Figure 16.- Continued.

109



110

Sonfiguration
006
o o
. oo
S A
.004 _ A
N
|
.002 e Ao -
I e s P -
0 1 [ S P
oY
-.002
Fixed fins
.008
O o
0 9
<A> £
.004 N e ’Q\
. b XX
@2\\4 b Q
g:ﬁ\:ﬁ\ ~
cnﬁ .002 &t [ \ﬁ\%\—'{_ L - Abe bt
N R - N Dy AR ——
| el Tt A
",_,‘
o D\K@\ K
~
x\\~0~——<rﬂ’4§
-.002 |
Jettisonable fins
.004
O ©
T g ¢
& o
002 2%\\13\\ A O
0 Gt =
— -yt ——p—
B
-.002 SN B
-12 -8 -4 o 4 8 12 18 20
a, de.g
Straizes

(¢) M = k,01.

Figure 16.- Concluded.

88T-1



008
O ©
. | - I
LOI o
004 | &\\ AR
<~ N X
| ﬁ\ ‘\\\‘gg’ —— -
- I e g |
[ - ”\»;‘j
02 N A\E§§§~ s ?
=
0
-.002
% a=-9°
.TI 006
=
004
Cn,;, .002 e,‘ [ N —
] g
T -\::i2%§
0 1
-.002 I
a=0°
006
004 -
002
Bl | = -4 — 14
4) i T
4
—
T T—0
-.002

2.0 2.4 2.8 3.2

Mach number, M

a=120

(a) Fixed fins.

3.6

4.0

4.4

111

Figure 17.- Comparison of the directional stability parameter CnB for

a 1/56-scale model of the X-1E airplane with and without various

directional-stability-improvement devices.



112

004

-.002

té O o
N g g
EeSSEERNES
=Y
S T > Q
| C\\\b Ba— '_:,\@
1
o= -90
"._.\
] — \.\4
s e
—g—1—
— 1 -
——F
) a=0°
- 4
]
~ ]
- ™1 F—
I B )]
12 2.4 2.8 3.3 4.0 44

Mach

number, M

a=12°

(b) Jettisonable fins.

Figure 17.- Continued.

88T-1



15F 113

006

>OOo0
b0 do

004

002 , "ﬁ

-.002

a=-9°

006

.004 i NSUN SO ]

. C“ﬁ 062

-.002

a=0°
.003

.004

002

1.2 1.8 2,0 24 2.8 3.2 3.8 4.0 4.4
Mach number, M
a=120

(c) Strakes.

. Figure 17.- Concluded.



114

004 =

o
o
204

4] £ a
© O -g9°
B o o
&
002 A 1
(a) M = 2.37.
004
002 .
8Cn, - AL ‘ 1 1 ¢
" D 9 9
0 é — = -
-.002
(b) M = 2.98.
004 ,W
I 1 — B _ S
062 &= A
e | | (8
] ®
¢ S
-.002
0 .2 4 8 8 1.0 1.2 1.4 1.6 1.8

Lateral projection of total fin area, sq in.

(¢) M= 4,01,

Figure 18.- Incremental directional stability parameter produced by the
various fin arrangements &s a function of total laterally projected
fin area. Filled symbols represent jettisonable fins.

8811



115

Configuration

A O o
a o
O A
AR
° N XX
0 N T 1]} -
S - B!
% —
o
1 ~-.8 —
Fixed fins
ol} O O
N U S N o ¢
<O A
A R
- 0 NoX(
Ly i R
Cy
. R = - N =} —1
-0 I D \ o _/_‘F y ]
e = > ||
—a8
Jettisongble fins
ol o o
g -o
S o
0 VAR O
4 ii:é?—————~i i 7
S —— 7? j) _A,__,__(
—h o 1 R 3 5 6
B, deg
Strakes
M = 2.37.

Figure 19.- Comparison of the margin of static longitudinal stability
parameter OCp/dCy for a 1/56-scale model of the X-1E airplane

with and without various directional-stability-improvement devices.



116

Y

Configuration” "
4 B S o
g 9
. O R
A Q
) N X
 o——— N B -
- Fixed fins
N o o .
i 0 9 &
O o
AR
o) h Ii
xa O & 4 G
oC
e S e EOS M s s mee @
b — I
~.8 Jettisonable fins
4 o o
0o o
S o
A O
oé A j{ A
1 §——4 G #
paley 0 1 2 3 b ’ °
B, deg
Strakes
(b) M = 2.98.

Figure 19.- Continued.



L-188

o Configuration
O ]
0 9
O AQ
| A Q
0;;;’_’,__‘13:* i __:(z‘lrj———:‘ = AN ;j
} \J\ p o) — gf N ]
- —
Fixed fins
ol
O O
L | o9
O A
o {P——+ D i __ FANNS o N
:[E‘g. — 5 = - JJ\ ey N XX
X O o S gy S| D o
E B N I e —
__{:r._———‘ B A
- s R
-8 - I
Jettisonable fins
-h
O ©
L <D> ©
ZH—-_{_‘ rdby o
B — =B~ ©
Y IR Y — S
e o 1 2 3 4 5 6
B, deg
Strakes

(e) M = k.01,

Figure 19.-~ Concluded.

117



118

Configuration
’ ] o o
. o e
oA
- . A
-.001 ~ ﬁ
S = = Tin ey
e S e e i o \%\\Tige
=3
-.003 _
Fixed {ins
Qpee [P -
2 ¢ 2
Q
S A 3
-.001 S A _ é 2
' TR R X
] e By R
3 g — —
CI{S 002 0_455 b&ii
LR :
=003
Jettisonable fins
0 5 o
oo
O o
-.001 A O
003 %AQK" )3:3 ~d_.
- g == =
— N e S . N _
”\\\\%
-.003 - \C]
-.004
-12 -8 -4 0 4 8 12 16 20
a, deg
Strakes
(a) M = 2.37.

Figure 20.- Comparison of the effective dihedral parameter CZB for a

1/56-scale model of the X-1E airplane with and without various
directional-stability-improvement devices.
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Figure 20.- Continued.
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Figure 20.- Concluded.
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